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I. INTRODUCTION 

The following protest is filed against U.S. Patent Application No. 10/539,842 
(U.S. national phase of Int'l Application No. PCT/EP2003/0 14262) of Muntau-Heger et al., 
filed December 15, 2003 (the "Muntau-Heger appUcation"). Pursuant to 37 C.F.R. §1.291, 
this paper includes (1) a listing of the publications relied upon, all of which were published 
more than one year before the December 15, 2003 filing date of the Muntau-Heger 
application, (2) a concise explanation of the relevance of each listed item; and (3) a copy of 
each listed publication (each of which is in the English language). 

Claims are described herein with reference to the claims of Int'l Appl. No. 
PCT/EP2003/014262 as pubUshed in w6 2004/058268. A copy of an EngUsh language 
translation of WO 2004/058268 is suppUed herewith. 

II. DOCUMENTS RELIED UPON 

Bates et al.. Medication Administration: The Correct Way, in Children's 
Medications- A Parent's Guide, Harvey Whitney Books Company (1996) (hereinafter 
"Bates"). Bates discloses that medications can be administered by mixing them in beverages 
or foods. Medications can be combined with a number of foods including fruit juice, ice 
cream or soft food (Bates, page 6). 

Blau et al., 34th EMG Meeting, Zurich, CH, held May 31 -June 2, 2002, 
proceedings published October 2002 (hereinafter "Blau"). Blau discloses oral administration 
of BH4 to patients aged 4 to 14 having mild PKU, with doses of BH4 given orally over a 
range of 7.1-10.7 mg/kg (p.21). Blau further discloses that the mechanism underlying BH4 
mediated affects on PKU patients may be through compensation for a reduced affinity of the 
PAH enzyme for BH4, by stabilization of the protein, by induction of PAH gene expression, 
and/or by introduction of 3D structural changes in the PAH protein (p. 19), which are 
properties of a chaperone molecule or messenger enhancer. 

Curtius et ah, The Lancet, 1:657-658 (1983). (hereinafter "Curtius"). Curtius 
reports that treatment of depressed patients with BH4 results in mood improvement and states 
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that "High-dose BH4 treatment has also been shown to be effective in certain cases of BH4- 
deficient hyperphenylalaninaemia, Parkinson's disease, and dystonia." Page 658, 1^^ col. 
The depressed patient was treated concurrently with BH4 and with the amino acids 
tryptophan and tyrosine. Page 658, 1^^ col. 

Curtius et aL, Advances in Neurol 40:463-466 (1984) (hereinafter "Curtius II"). 
Curtius n reports that treatment of patients suffering from Parkinson's disease with BH4 
(tetrahydrobiopterin dihydrochloride from Dr. B. Schirks) provided beneficial clinical effects. 
Page 464. BH4 dihydrochloride was administered (page 464). Curtius II also states that the 
aim of BH4 administration in Parkinson's disease is to elevate the activity of existing tyrosine 
hydroxylase molecules above whatever activity is provided by endogenous BH4 (page 465). 
Curtius n further states that BH4 is thought to play an important role in regulating the in vivo 
activities of tyrosine hydroxylase and tryptophan hydroxylase, which are rate-limiting 
enzymes in the synthesis of the catecholamines and serotonin, respectively (page 463). 

Curtius et al., U.S. Patent No. 4,774,244 (hereinafter "Curtius III"). Curtius m 
discloses treatment of patients suffering from Parkinson's disease and patients suffering from 
depression with any one of L-erythro-5,6,7,8-tetrahydrobiopterin (BH4), L-sepiapterin, r,2'- 
diacetyl-5,6,7,8-tetrahydrobiopterinor 6-methyl-5,6,7,8-tetrahydrobiopterin. Col. 1, lines 18- 
24. The BH4 was mixed with orange juice and administered to patients orally. Col. 1, lines 
62-64. Patients' symptoms improved after administration of BH4. Cols. 2-3. 

Dissing et al.. Acta Neurol Scand, 79:493-99 (1989) (hereinafter "Dissing"). 
Dissing discloses that individuals deficient in BH4 demonstrate defects in biosynthesis of 
neurotransmitters such as dopamine (a catecholamine) and norepinephrine. P. 493. 
Treatment of Parkinson's disease involves administration of neurotransmitter precursors such 
as L-dopa (page 494). Dissing describes the administration of BH4, either alone or in 
conjunction with the amino acid tyrosine, to patients having Parkinson's disease (page 495), 
indicting that BH4 is useful as a neurotransmitter similar to L-dopa. 

Ellis, Philos Trans R SocLondBBiol Sci., 339:257-61 (1993) (hereinafter 

"Ellis") discusses the role of molecular chaperones generally. Ellis states that molecular 

chaperones are defined in functional terms as a class of protein that assist the correct non- 

covalent assembly of other proteins in vivo, including assisting in correct folding of such 
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proteins. Page 258, coL2. They appear to act by binding to interactive protein surfaces that 
are transiently exposed during various cellular processes (page 259, col. 1); this binding 
inhibits incorrect interactions that may otherwise produce non-functional stractures. Page 
259, col. 2. 

Erlandsen et al., J Inherit Metab Dis 24:2 1 3-30 (2001) (hereinafter 
"Erlandsen"). Erlandsen describes that PKU patients suffer from elevated levels of 
phenylalanine, most often attributed to impaired ftmction of the enzyme PAH, caused by 
mutations in the gene encoding PAH (page 214). Patients often are treated by lifelong dietary 
restriction of phenylalanine intake (page 214). Erlandsen fiirther describes that several PAH 
mutations have been identified and that particular mutations correlate with disease severity 
(pages 215, 222). Expression of these mutant PAH enzymes affects PAH enzymatic activity 
and dietary tolerance of phenylalanine (page 215). Erlandsen concludes that oral 
administration of BH4 allows the mutant PAH enzymes to overcome the lowered binding of 
BH4 to the PAH enzyme, thereby reducing blood phenylalanine levels to safer levels. 
Erlandsen indicates that patients taking oral BH4 supplements thus have a greater protein 
tolerance and may avoid treatment with a low-phenylalanine, low protein diet (page 227). 

Hansen et al., U.S. Patent No. 5,763,392 (hereafter "Hansen"). Hansen, in the 

backgroimd section, states that myo-inositol is frequently added to infant formulas and adult 

nutritional formulais. Col. 1, lines 38-40. Hansen describes the administration of higher 

levels of myo-inositol to diabetics in order to lower plasma glucose levels. Col. 2, lines 5-7. 

Hansen teaches that such therapeutic levels of myo-inositol can be administered in any form, 

e.g. tablet, capsule, powder, suspension or solution. Col. 3, lines 47-48. Hansen also teaches 

that a preferred means of administering such medication is to incorporate it into a nutritional 

composition that is consumed by the subject. Col. 3, lines 47-51 . Exemplary infant and adult 

nutritional compositions are described that include protein, lipid and carbohydrate. Col. 3, 

line 64 to col. 4, line 2. The protein component may be 7-30% of the total caloric value of 

the composition, including lower protein amounts such as 10-15% or 12%. Col. 4, lines 9-21. 

A nimiber of carbohydrate sources are listed, including glucose, maltodextrin, and various 

starches. Col, 4, lines 32-46. A number of lipid sources are listed, including safflower oil, 

coconut oil, soybean oil, fish oil, and omega 3 and omega 6 fatty acids. Col. 4, lines 47- col. 

5, line 1. A number of minerals and vitamins may be included, including choline. CoL 5, 
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lines 22-29. The composition may also be flavored, including chocolate, coconut, banana or 
strawberry flavored. Col. 5, lines 45-47. 

Hennermann et al., Society for the Study of Inborn Errors of Metabolism 40th 
Annual Symposium. Dublin, freland, 3-6 Sept. 2002, abstract published in J Inherit Metab 
Dis.y Suppl 1:1-184, July 2002 (hereinafter "Hennermann")- Hennermann describes 
treatment of patients with both mild and classic PKU by daily administration of BH4 over a 
prolonged period of time (e.g., 4-13 months). Hennerman reports successful treatment of 
both mild and classic PKU with BH4, with an increase of the daily phenylalanine tolerance of 
180-1830 mg (line 13). Hennerman indicates that patients with classic PKU need to maintain 
a low phenylalanine diet. 

Isaacs, American Druggist 216(6):37-41 (1999) (hereinafter "Isaacs"). Isaacs 
discloses that medications can be administered by mixing them in formula or foods (page 38, 
3rd col.). Medications can be combined with a number of foods including rice formula, 
cereal, pudding applesauce, mashed potatoes, yogurt, or jello (page 38, 3rd col.). 

Kure et al., J Pediatrics 135:375-8, 1999 (hereinafter "Kure"). Kure describes 
administering a tetrahydrobiopterin compound, denoted as BH4 (manufactured by Suntory, 
Japan), to patients having mild hyperphenylalanemia (HP A), which is an elevation in blood 
phenylalanine levels (page 375). The patients were observed to be responsive to oral 
administration of BH4 at a frequent dosage to maintain a more constant plasma level of BH4. 
Page 376. Kure discovered that multiple doses of oral administration of BH4 over an 
extended period of time led to decreased phenylalanine levels in patients with mild 
phenylketonuria (PKU) (page 376). Kure fiirther discloses that the mechanism of action of 
BH4 in these patients may be to increase the plasma concentration of BH4 to restore activity 
of the phenylalanine hydroxylase (PAH) enzyme, or to stabilize the mutant PAH molecules 
(page 377). Kure describes a "standard" and "modified" BH4 loading test to diagnose 
sensitivity of PKU patients to BH4 treatment (page 376). 

Mukerji et al., U.S. Patent No. 6,428,990 (hereafter "Mukerji"). Mukerji 

describes use of a human saturase enzyme to produce new types of polyunsaturated fatty 

acids that can be used, e.g., to treat conditions caused by insufficient intake of 

polyunsaturated fatty acids. Col. 4, lines 53-57. Mukerji teaches that the polyunsaturated 

5 




# 

Protest of U.S. Patent Application No. 10/539,842 

P. 6 of 27 



fatty acids can be incorporated into nutritional compositions, a number of which are 
illustrated in the examples. The ingredients of such compositions will vary depending upon 
the intended subject with specialized needs, including subjects with metabolic conditions or 
disorders. Col. 11, lines 15-19. Cols. 23-38 describe a number of nutritional compositions 
that are useful as infant formula, milk substitutes and adult nutritional supplements that 
include protein, carbohydrate, oil to provide fatty acids, vitamins and minerals. Oil sources 
include soybean, coconut, or safflower oils (e.g., col. 23, lines 44-45, col. 27, lines 37-39, 
etc.). Oil sources can also include fish oils (col. 36, line 22). Carbohydrate sources include 
glucose, maltodextrin and other sugars, or starch (e.g., col. 11, lines 24-26, col. 27, lines 48- 
51, etc.). Some of the compositions are formulated with soy protein to avoid symptoms of 
cow milk protein allergy (e.g., col. 23, lines 25-28, col. 24, lines 39-40, etc.), or can be 
formulated as a gluten-free composition (e.g., col. 26, line 37 or line 66, col. 33, line 27, etc.). 
Compositions can be flavored, e.g. chocolate, berry, banana, cherry, strawberry, lemon or 
orange (e.g., col. 28, line 65 through col. 29, line 2). Mukerji discloses that nutritional 
formulas can be not only liquid but also may be stored as a powder that can be reconstituted 
with water. Col. 12, lines 6-11, col. 32, line 22. Mukerji also discloses that nutritional 
compositions can be in the form of liquid (e.g., cols. 23-26), snack bars (col. 26, lines 61-67), 
or pudding (col. 33, lines 20-27), and that nutritional compositions can be added to a variety 
of foods including cheese, yogurt, chocolate, candy, snacks, meats, fish, and beverages (col. 
11, lines 55-57). 

Nagatsu^ Essays in Biochemistry, 30:15-35 (1995) (hereinafter "Nagatsu"). 
Nagatsu teaches that the concentration of tetrahydrobiopterin is a regulatory factor for 
tyrosine hydroxylase activity (page 25). Nagatsu also teaches that *TH [tyrosine 
hydroxylase] may be closely related to the pathogenesis of neurological diseases, such as 
dystonia and Parkinson's disease, psychiatric diseases, such as affective disorders and 
schizophrenia, as well as cardiovascular diseases" (page 32). 

Naruse et al., U.S. Patent No. 4,778,794 (hereafter "Naruse"). Narase discloses 
that therapeutic tetrahydrobiopterin and related compounds can be administered as tablets, 
capsules, powders, granules, or suspensions. Col. 3, lines 60-63. 
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PhenylAde Amino Acid Bars brochure (hereinafter 'Thenylade I brochure") 

dated November 2002 at the bottom of the last page of the brochure. The Phenylade I 
brochure discloses amino acid bars that are phenylalanine-free or include a small amoimt of 
phenylalanine. 

PhenyLAde Amino Acid Blends brochure (hereinafter "Phenylade II brochure") 
dated May 2002 at the bottom of the last page of the brochure. The Phenylade II brochure 
discloses a phenylalanine-free blend of amino acids that may also include minerals and trace 
elements (See PhenylAde MTE Amino Acid Blend at page 2). The brochure at pages 3-4 
instructs one to add the amino acid blend to a number of foodstuffs including pudding, baby 
food or applesauce (page 4). 

Rabelink et aL, US Patent Application No. 2002/0052374, published May 2002 
(hereinafter "Rabelink"). Rabelink describes the use of at least folic acid or a folate and 
tetrahydrobiopterin or derivatives thereof for treating or preventing cardiovascular or 
neurological disorders in the modulation of nitric oxide (NO) levels. Rabelink, describes that 
these formulations may be for oral use (paragraph 20, and Examples 1 and 6-10), and fiirther 
contemplates a pharmaceutical composition comprising folate derivatives, BH4 and L- 
arginine for use as a modulator of NO (Abstract, paragraphs 88-91). Rabelink also describes 
inclusion of an antioxidant such as vitamin C in such compositions. 

Schaub et aL, Arch Dis Child. 53(8):674-6 (1978) (hereafter "Schaub"). Schaub 
discloses treatment of a child suffering from "atypical" phenylketonuria due to defective BH4 
synthesis with tetrahydrobiopterin bishydrochloride (page 674). Administration of BH4 
either intravenously or orally resulted in a decrease in serum phenylalanine levels (page 674). 

Shinozaki et al., CircRes, 87:566-73 (2000) (hereinafter "Shinozaki"). 

Shinozaki discloses that BH4 is a cofactor of endothelial nitric oxide synthase (eNOS) that 

stabilizes the dimeric, active form of the enzyme (page 566). Nitric oxide synthase (NOS) 

converts the semiessential amino acid 1-arginine to l-citruUine and nitric oxide (NO). 

Shinozaki describes administration of oral BH4 (sapropterin hydrochloride) to fructose-fed, 

insulin-resistant rats, which suffer from a deficiency in NOS activity (page 568). BH4 

decreased blood pressure and insulin levels in fed rats (page 568), and significantly raised 

levels of eNOS activity and decreased NO production (page 569). BH4 administration also 
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decreased levels of endothelial production of oxygen radicals (page 571). These results 
demonstrate that administration of BH4 may improve vasodilation and relieve oxidative 
stress (page 572). The BH4 administered was manufactured by Suntory, Japan and is 
sapropterin hydrochloride (page 567). 

Steinfeld et al., Eur J Pediatr. 161:403-405 (May 2002) (hereinafter "Steinfeld")- 
Steinfeld discloses administration of BH4 to three patients having mild PKU. The patients 
received long term oral BH4 (approximately 12 months) and phenylanlanine levels were 
monitored routinely (page 403). Two of the three patients showed successful response to the 
long term BH4 treatment (page 403). Steinfeld describes that differential activities of PAH 
folding mutants contribute to differences in BH4 responsiveness, and further states that 
studies using BH4 substantiate the role of factors like chaperones in genetic diseases, 
indicating that BH4 improves PAH misfolding and acts as a chaperone molecule (page 404). 
Steinfeld further discloses that BH4 is used is a diagnostic tool to determine BH4 responsive 
PKU (page 403), and indicates that an improved test using a longer time period would be 
more helpful to detect individuals who response more slowly to BH4 administration (page 
404). 

Trefz et al., Eur. J Pediatr. 160:315, 2001 (hereinafter "TreCz"). Trefz discloses 
treatment of a newborn with daily doses of oral BH4 (5,6,7,8-tetrahydrobiopterin, Schircks 
Laboratories, Switzerland) (1^^ col.)- Trefz reports that administration of BH4 reduced levels 
of phenylalanine in treated individuals. Trefz further describes a BH4 diagnostic loading test 
to identify BH4 responsive individuals (col. 2). Trefz further discloses that administration of 
BH4 may enhance the activity of mutated PAH proteins in PKU patients (col. 2). 

Walter et Bl.^ Am J RespirCrit Care Med. 1 56(6) :2006- 10 (1997) (hereinafter 
"Walter"). Walter describes administration of BH4 to healthy human volunteers via 
inhalation. Walters states that BH4 is a regulatory cofactor for nitric oxide synthase (NOS) 
and that BH4 regulates iNOS expression by stabilization of its mRNA (page 2006). At low 
concentrations, BH4 was reported to restore disturbed NO-dependent vasodilation in patients 
with endothelial dysfunction (page 2009). The BH4 used was manufactured by Dr. B. 
Schircks Laboratories, Jona, Switzerland, and is (6R)-5,6,7,8-tetrahydro-L-biopterin- 
dihydrochloride dissolved in N-acetylcysteine 10% (page 2007, 1^* col.). N-acetylcysteine 
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was used for galenic stabilization of BH4 tablets for long-term storage at room temperature 
(page 2007). 

Weglage et al., J, Inherit. Metab. Dis, 25 321-322 (2002) (hereinafter 
"Weglage"). Weglage describes treatment of PKU patients with BH4, and indicates that in at 
least one patient, the initiation of a protein-restricted (low protein) diet (450 mg Phe/day) was 
necessary, in addition to BH4 treatment, to achieve satisfactory metabolic control (page 322). 

III. Relevance of Cited Art 

35 U.S.C. §102(b) states in relevant part that a patent may be granted unless the 
invention was described in a printed publication more than one year prior to application for 
patent in the United States. 

35 U.S.C. § 103(a) states in relevant part that a patent may not be obtained ..if the 
differences sought to be patented and the prior art are such that the subject matter as a whole 
would have been obvious at the time the invention was made to a person having ordinary skill 
in the art to which said subject matter pertains. 

1; Claim 1 is directed to use of at least one compoxmd of formula I (which 
includes BH4), and pharmaceutically acceptable salts thereof, for production of a medication 
to enhance protein tolerance for the treatment of diseases due to amino acid metabolic 
disorders. Claim 1 is impatentable under 35 U.S.C. § 102(b) as anticipated by any one of 
Hennermann, Blau, Steinfeld, Kure, Trefz, Schaub, Shinozaki, Curtius, Curtius II, Curtius III 
or Dissing, all published more than 1 year before the filing date of the Muntau-Heger 
application. 

1.1. Each of Hennermann (at line 5-7), Blau (at p. 18), Steinfeld (at p. 
403, Kure (at p. 375), or Trefz (at col.l) report use of a tetrahydrobiopterin (BH4) 
compound encompassed by formula I for the treatment of phenylketonuria (PKU). 
PKU is defined in the Muntau-Heger application as an amino acid metabolic disorder. 
Patients with PKU have elevated blood levels of phenylalanine (an amino acid 
contained in all natural proteins) and cannot tolerate high levels of protein. Typically 
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such patients are treated by placing them on a low phenylalanine, low protein diet. 
See Erlandsen at p. 214. A number of different manufacturers market nutritional 
compositions specifically for patients with PKU that are either phenylalanine-free or 
low phenylalanine, but that contain other amino acids from protein. See, e.g., 
Phenylade I and II brochures. 

1.2. Each of Hennermann, Blau, Steinfeld, Kure, or Trefz report that 
administration of BH4 to patients with PKU reduced blood levels of phenylalanine, 
which thus would enhance protein tolerance for these patients. Hennermann states 
"In summary, BH4 therapy succeeded in an increase of the daily phenylalanine 
tolerance of 180-1830 mg" and Hennermann reports that children with mild PKU 
could stop treatment with the low protein diet, indicating that BH4 administration 
enhances protein tolerance in therse patients. 

1 .3 Schaub reports that administration of tetrahydrobiopterin 
bishydrochloride (BH4) to a patient suffering from "atypical" phenylketonuria due to 
defective BH4 synthesis reduced blood levels of phenylalanine (p. 674). 

1.4 Shinozaki reports administration of BH4 to insulin-resistant rats 
suffering from a deficiency in nitric oxide synthase (NOS) activity. Reduced NOS 
activity is defined in the Mxmtau-Heger application as an amino acid metabolic 
disorder. See Mimtau-Heger page 2. Administration of BH4 raised levels of NOS 
activity and increased nitric oxide (NO) production (p 569). NOS converts the amino 
acid L-arginine to L-citrulline and NO. 

1.5 Curtius and Curtius III report administration of BH4 to patients with 
depression, which is defined in the Muntau-Heger application as an amino acid 
metabolic disorder. Curtius also reports that others have administered BH4 to patients 
with hyperphenylalanemia (elevated phenylalanine levels), Parkinson's disease and 
dystonia (p. 658, 1*^ coL), all of which are defined in the Muntau-Heger application as 
an amino acid metabolic disorder. See Muntau-Heger page 2. 
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1.6 Dissing, Curtius II and Curtius III each report administration of BH4 
to patients with Parkinson's disease, which is defined in the Muntau-Heger 
application as an amino acid metabolic disorder. 

2. Claim 2 is directed to the use of claim 1 wherein the compound is selected 
from a group that includes the compoimds 5,6,7,8-tetrahydrobiopterin and sapropterin, and 
particularly the hydrochloride or sulfate thereof. Claim 2 is anticipated under 35 U.S.C. 

§ 102(b) by any one of the references cited above for claim 1 which disclose administration of 
BH4 (5,6,7,8-tetrahydrobiopterin), and particularly Kure, Trefz, Blau, Schaub, Shinozaki, 
Dissing or Curtius 11. 

2.1. Kure disclose use of a sapropterin hydrochloride salt for treating 
PKU. Kure used BH4 produced by Suntory, Japan (p. 375, 3*^^ col.). As shown in 
Shinozaki (p. 567) the BH4 produced by Suntory is sapropterin hydrochloride. 

2.2, Trefz, Blau and Schaub each discloses use of a 5,6,7,8- 
tetrahydrobiopterin hydrochloride salt for treating PKU. Trefz and Blau used BH4 
produced by Schircks Laboratories, Switzerland (Trefz, 1^^ col.; Blau, p. 21, top). As 
shown in Walter (p. 2007), the BH4 produced by Schircks Laboratories is 5,6,7,8- 
tetrahydro-L-biopferin dihydrochloride. Schaub states that tetrahydrobiopterin 
bishydrochloride was used. 

2.3 Shinozaki discloses use of a sapropterin hydrochloride salt to treat 
NOS deficiency (p. 567). 

2.4. Dissing discloses use of a 5,6,7,8-tetrahydrobiopterin hydrochloride 
salt for treating patients with Parkinson's disease, defined as an amino acid metabolic 
disorder, (p. 495, I'^col.) 

2.5 Curtius II discloses use of tetrahydrobiopterin dihydrochloride salt for 
treating patients with Parkinson's disease (p. 464). 

3. Claim 3 is directed to the use of claim 1 or 2, wherein the salt is the 
hydrochloride or sulfate salt. Claim 3 is anticipated by the same references cited for claim 2, 
each of which disclose at least one form of the recited salt. 
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4. Claim 4 is directed to the use of claims 1-3 wherein the amino acid metabolic 
disorders include a variety of specific conditions, such as conditions with elevated 
phenylalanine or decreased tyrosine in bodily fluids, tissue or cells; conditions with reduced 
phenylalanine hydroxylase activity; conditions due to decreased cellular availability of 
catecholamines, including dystonia; neurotransmitter disorders, including schizophrenia; and 
phenylketonuria, particularly mild phenylketonuria and classic phenylketonuria. Claim 4 is 
unpatentable under 35 U.S.C. § 102(b) in view of any one of Hennermann, Blau, Steinfeld, 
Kure, Trefz, Schaub, Curtius, Curtius II, Curtius III or Dissing. 

4.1. Each of Hennermann, Blau, Steinfeld, Kure, or Trefz disclose use of 
BH4 to treat mild PKU. Hennermann also states that patients with classic PKU were 
treated with BH4 and responded (lines 10-12). PKU is considered a condition with 
elevated phenylalanine in bodily fluids and is also considered a condition with 
reduced phenylalanine hydroxylase activity, both of which conditions are recited in 
claim 4. (See, e.g., Trefz, 1'' and 2"^ col., Kure p. 375 1'' col., Steinfeld p. 403, 1'^ 
col., Blau p. 18, Hennermann). 

4.2. Schaub discloses use of BH4 to treat atypical PKU (age 674), 

4.3 Curtius discloses that BH4 has been used to treat BH4-deficient 
hyperphenylalaninaemia, Parkinson's disease, and dystonia. (Curtius, page 658, 1*^ 
col.) Hyperphenylalanemia is elevated phenylalanine levels, a condition recited in 
claim 4. Parkinson's disease is a condition due to decreased cellular availability of 
catecholamines (such as reduced concentrations of dopamine in the brain) and is also 
a neurotransmitter disorder, both of which conditions are recited in claim 4. Dystonia 
is a condition recited in claim 4. 

4.4. Curtius U and Curtius III both disclose use of BH4 to treat 
Parkinson's disease. (Curtius II, page 464; Curtius II, col. 1, lines 18-24) 

4.5. Dissing also discloses use of BH4 to treat patients with Parkinson's 
disease. (Dissing, p. 493-494) 
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5. Claim 5 is directed to the use of claims 1-4 wherein the salt is a hydrochloride. 
Claim 5 is anticipated because the BH4 administered was a hydrochloride salt (see discussion 
above for claim 2). 

6. Claim 6 is directed to use of a compound of formula I, which includes BH4, as 
a chaperone. Claim 6 is unpatentable as anticipated under 35 U.S.C. § 102(b) over any one of 
the references cited for claim 1, including Steinfeld, Blau, Kure or Shinozaki. 

6. 1 . The discovery of the mechanism of action of a known therapeutic 
compound, such as its action as a chaperone, is not patentable. MPEP 21 12-21 12.02 
states "The discovery of a previously unappreciated property of a prior art 
composition, or of a scientific explanation for the prior art's functioning, does not 
render the old composition patentably new." The "chaperone" function of BH4 was 
already known. Each of Steinfeld, Blau or Kure disclose that the mechanism of action 
by which BH4 improves phenylalanine levels in PKU patients is by functioning as a 
chaperone. Shinozaki discloses that the mechanism of action by which BH4 improves 
NOS activity is by stabilizing the enzyme(p. 566). It is known in the art that 
chaperone molecules act to stabilize the molecule they act upon, and bind the 
molecule to induce structural changes which may increase the affinity of the molecule 
for a third target. See Ellis at page 259. 

6.2. Steinfeld discloses that differences in responsiveness of PKU patients 
to BH4 treatment are likely due to "differences in cellular handling of PAH folding 
mutants" and that "evidence firom our and previous studies substantiates the role of 
additional factors like chaperones in the phenotypic expression of genetic diseases." 
(p. 404; emphasis added). 

6.3. Blau discloses that mechanisms imderlying BH4-responsive PKU 
include compensation for a reduced affinity of the phenylalanine hydroxylase (PAH) 
enzyme for BH4, stabilization of the PAH protein, and introduction of 3D stractural 
changes in PAH (p. 19). . All of these activities are encompassed by the term "use as a 
chaperone." See Ellis, entire document. 
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6.4. Kure discloses that BH4 acts to "restore residual PAH activity and/or 
to stabilize the mutant PAH molecules." (p. 377, 2"** col.) This activity is 
encompassed by the term **use as a chaperone." See Ellis, entire document. 

6.5. Shinozaki discloses that BH4 is a cofactor of endothelial nitric oxide 
synthase (eNOS) that stabilizes the dimeric, active form of the enzyme (p. 566). This 
activity is encompassed by the term '*use as a chaperone." See Ellis, entire document. 

7. Claim 7 is directed to the use of claim 6 wherein the compound is selected 
from a group that includes 5,6,7,8-tetrahydrobiopterin and sapropterin, and particularly the 
hydrochloride salt thereof. Claim 7 is anticipated by any one of the references cited above 
for claim 1 or 6, which disclose administration of BH4 (5,6,7,8-tetrahydrobiopterin), and . 
particularly Blau, Kure or Shinozaki, which disclose use of 5,6,7,8-tetrahydrobiopterin 
dihydrochloride and sapropterin hydrochloride, respectively. See discussion above for claim 
2. 

8. Claim 8 recites the use of the chaperone of claim 6 to improve protein 
misfolding, particularly in the case of structural abnormalities in enzymes that require BH4 as 
a cofactor. Claim 8 is unpatentable as anticipated imder 35 U.S.C. § 102(b) oyer any one of 
Steinfeld, Blau, Kure or Shinozaki for the reasons discussed above for claim 6. Each of these 
references discloses that BH4 stabilizes misfolded PAH mutants or stabilizes NOS. 

9. Claim 9 is directed to the use of claims 6-8 wherein the enzymes are selected 
from a group including phenylalanine hydroxylase (PAH), tyrosine hydroxylase, tryptophan 
hydroxylase, and NO synthase (NOS). Claim 9 is anticipated under 35 U.S.C. § 102(b) over 
any one of Steinfeld, Blau, Kure, or Shinozaki. Steinfeld, Blau and Kure disclose that BH4 is 
a chaperone for PAH. Shinozaki discloses that BH4 is a chaperone for NOS (p. 566). See 
discussion for claim 6 above. Moreover, Nagatsu discloses that tetrahydrobiopterin is a 
regulatory factor for tyrosine hydroxylase activity (Nagatsu, page 25), and Curtius II states 
that BH4 is thought to play an important role in regulating the in vivo activities of tyrosine 
hydroxylase and tryptophan hydroxylase, which are rate-limiting enzymes in the synthesis of 
the catecholamines and serotonin, respectively (Curtius II, page 463). 
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10. Claim 10 is directed to the use of claims 6-9 wherein the chaperone is used as 
a neurotransmitter and/or messenger enhancer, for instance in conditions with decreased 
serotonin or dopamine in bodily fluids and conditions with decreased phenylalanine 
hydroxylase, tyrosine hydroxylase, tryptophan hydroxylase, or nitric oxide (NO) synthase 
activity. Claim 10 is unpatentable as anticipated under 35 U.S.C. § 102(b) by any one of 
Dissing, Walter or Blau. 

10.1. Dissing describes administration of BH4 as a neurotransmitter to 
patients suffering from Parkinson's disease (p. 494, 2"^ col.). Dissing further 
describes that Parkinson's patients have decreased levels of the catecholamines 
dopamine and serotonin in bodily fluids (p. 494, 1^* col.). 

10.2. Walter describes administration ofBH4 to conditions with decreased 
nitric oxide synthase (NOS) activity, a deficiency which is associated with endothelial 
cell dysfunction (p. 2006, 1^^ col.). Walter further describes that BH4 stabilizes NOS 
messenger RNA, i.e. is a messenger enhancer (p; 2006, 1*^ col.). 

10.3 Blau describes that the mechanisms imderlying BH4 responsiveness 
in phenylalanine hydroxylase (PAH) deficiency, including PKU, include induction of 
PAH gene expression (p. 19), i.e. acting as a messenger enhancer. 

11. Claim 1 1 is directed to use of a compound of formula I, or a pharmaceutical 
salt thereof, as a neurotransmitter or a messenger enhancer, particularly for catecholamines 
and/or serotonin and/or dopamine and/or nitric oxide. Claim 1 1 is anticipated xmder 102(b) 
by any one of Dissing, Walter or Blau for the same reasons described above for claim 10. 

12. Claim 12 is directed to the use of claim 1 1 wherein the compound is selected 
from a group that includes 5,6,7,8-tetrahydrobiopterin and sapropterin, and particularly the 
hydrochloride thereof. Claim 12 is anticipated by Dissing, which discloses use of BH4 
(5,6,7,8-tetrahydrobiopterin), or Walter or Blau, which each disclose use of 5,6,7,8- 
tetrahydrobiopterin dihydrochloride, for the reasons described above for claim 11. 

13. Claim 13 is directed to a composition containing a compound of formula I 
(which includes BH4) or a pharmaceutically acceptable salt thereof, and also comprising at 



15 



Protest of U.S. Patent Application No. 10/539,842 

P. 16 of 27 

least one amino acid selected from the group of essential amino acids as well as non-essential 
amino acids, particularly arginine, cysteine, especially acetylcysteine, and tyrosine. Claim 13 
is unpatentable under 35 U.S.C. §102(b) as anticipated by any one of Rabelink, Walter or 
Dissing. 

13.1. Rabelink discloses formulation of a composition comprising BH4 or 
derivatives thereof, and the amino acid L-arginine. Rabelink (paragraphs 88-91). 
Walter discloses a composition comprising BH4 and the amino acid N-acetylcysteine. 
(Walter, p. 2007) Dissing discloses administration of BH4 in conjunction with the 
. amino acid tyrosine to patients having Parkinson's disease (Dissing, p. 495). 

14. Claim 14 is directed to a composition of claim 13 that contains (a) an essential 
amino acid selected from the group consisting of: isoleucine, leucine, lysine, methionine, 
threonine, tryptophan, valine, and histidine and (b) at least one of the amino acids alanine, 
arginine, asparaginic acid, asparagine, cysteine, especially acetylcysteine, glutamic acid, 
glutamine, glycine, proline, serine and tyrosine. Claim 14 is obvious under 35 U.S.C. §103 
over Curtius, which reports that a patient suffering from depression was concurrently treated 
with BH4 and with the amino acids tryptophan (an essential amino acid from the first list) 
and tyrosine (an amino acid from the second list) (Curtius, page 658, 1^* col.). Combining the 
concurrently administered cofactor and amino acid supplements in a single composition 
would have been obvious to a worker of ordinary skill in the art based on the disclosure of 
Curtius and the level of knowledge in the art. 

14.1 Claim 14 is also obvious for the same reasons described below with 
respect to claim 19, i.e. motivation to combine BH4 or sapropterin with nutritional 
compositions, such as PhenylAde Amino Acid Blend, other nutritional compositions, 
or ordinary food. The Amino Acid Blend contains the amino acids recited in claim 
14. PhenylAde II brochure, page 2. Hansen also discloses nutritional compositions 
that contain protein or the amino acids listed in claim 14. Hansen, col. 4, line 66 - col. 
5, line 1 . A worker of ordinary skill would have been motivated to combine the 
disclosure of Hansen with the disclosure in PhenylAde I and II with a reasonable 
expectation of success at making a nutritional composition having BH4, in order to 
treat a patient having PKU and facilitate compliance with a low-phenylalanine diet. 
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15. Claim 15 is directed to a composition of claim 13 or 14 that contains 
additional carbohydrates and/or vitamins. Claim 15 is anticipated under 35 U.S.C. § 102(b) 
by Rabelink. Rabelink discloses a composition comprising BH4, the amino acid arginine and 
folate (paragraphs 88-91). It is well known in the art that folate is a member of the vitamin 
group of molecules (Hansen, col. 5, lines 22-29). 

15.1 Claim 15 is also obvious for the same reasons described below with 
respect to claim 19, i.e. motivation to combine BH4 or sapropterin with other 
nutritional compositions. Hansen discloses that nutritional compositions, with which 
medication may be combined, can include vitamins and minerals. Hansen, col. 5, 
lines 22-29. 

16. Claim 16 is directed to a composition of claim 13-15 formulated to be 
administered orally or intravenously. Claim 16 is anticipated under 35 U.S.C. §102(b) by 
Rabelink. Rabelink discloses preparation of a pharmaceutical composition for oral use 
comprising BH4, the amino acid arginine and, optionally folate (paragraphs 88-91). 

16.1 Claim 16 is also obvious for the same reasons described below with 
respect to claim 19, i.e. motivation to combine BH4 or sapropterin with nutritional 
compositions, such as PhenylAde Amino Acid Blend, other nutritional compositions, 
or ordinary food in order to make a formulation palatable to treat patients with PKU 
and/or facilitate compliance with a low-phenylalanine diet. PhenylAde Amino Acid 
Blend is taken orally, as is ordinary food. See PhenylAde II brochure. Hansen 
discloses that medication can be combined with nutritional compositions that are 
consumed by the subject. Hansen, col. 3, line 51 . 

17. Claim 17 is directed to a composition of claim 16 wherein the formulation is a 

powder, tablet, capsule, coated tablet, drops or for topical use, as well as a solution for 

intravenous administration. Claim 17 is anticipated under 35 U.S.C. § 102(b) by Rabelink. 

Rabelink discloses the formulation of a composition for oral administration comprising BH4, 

the amino acid arginine and, optionally folate, Rabelink describes that an oral formulation 

may be a powder, tablet, capsule, drops (paragraph 20) and also indicates that the 

composition may be applied topically or modified for parenteral administration, which 

includes intravenous administration (paragraphs 21-22, and Examples 3-5). 
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17.1 Claim 17 is also obvious in view of Nanise, which discloses that 
therapeutic tetrahydrobiopterin and related compounds can be administered as tablets, 
capsules, powders, granules, or suspensions. Col. 3, lines 60-63. A worker of 
ordinary skill reading the disclosure of Rabelink, in view of Naruse, would be 
motivated to formulate a composition having BH4 in a tablet, capsule, or powder in 
order to make administration of BH4 to patients with PKU easier and to facilitate 
better compliance with the low-phenylalanine diet. 

18. Claim 18 is directed to a composition of claim 14-17 with a galenic 
pharmaceutical adjuvant. Claim 18 is anticipated under 35 U.S.C. §102(b) or obvious under 
35 U.S.C. § 103(a) in view of the disclosure in Walters that N-acetylcysteine was used for 
galenic stabilization of BH4 tablets. Acetylcysteine is set out in claim 14 as a preferred 
amino acid in the composition, Walters discloses that acetylcysteine is a stabilizer in BH4 
tablets. Thus, a worker of skill in the art would readily combine the teachings of Walter with 
the knowledge in the art to make a BH4 formulation containing acetylcysteine for galenic 
stabilization, in order to make the medication more stable and effective when administered to 
patients with PKU. 

19. Claim 19 is directed to a composition of claims 13-18 that is a dietary 
composition with adjuvants usual in foodstuffs technology. Claim 19 is anticipated under 35 
U.S.C. §102(b) in view of the disclosure in Curtius III that the BH4 was mixed with orange 
juice, a foodstuff. Altematively, claim 19 is obvious under 35 U.S.C. §103(a) in view of 
Bates, Isaacs, Hansen or the PhenylAde II brochure which teach that medications that are 
administered orally can be combined with food or formulated with nutritional compositions. 

19.1 . Bates and Isaacs disclose that medications can be administered by 
mixing them in formula, beverages or foods, providing motivation to combine 
medications and food. The references indicate that medications can be combined with 
a number of foods including fruit juice, ice cream or soft food (Bates, page 6) or rice 
formula, cereal, pudding, applesauce, mashed potatoes, yogurt, or jello (Isaacs, page 
38, 3*^^ col.). Thus, a worker of ordinary skill in the art reading Bates or Isaacs, would 
have been motivated to prepare a dietary composition containiiig a medication, such 
as BH4 and food, including adjuvants usual in foodstuffs technology, particularly 
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since Ciirtius III discloses that BH4 was mixed with a foodstufF, in order to make the 
formulation more palatable to patients requiring low-phenylalaine food stuffs which 
in turn would facilitate compliance with a low-phenylalanine diet. 

19.2. Hansen discloses that a preferred means of administering myo- 
inositol, the medication that is the subject of the Hansen patent, in order to lower 
glucose levels in diabetic patients who may be on a carbohydrate limiting diet is by 
incorporating it into an infant or adult nutritional composition. Hansen, coL 3, lines 
48-5 1 . Thus it would have been obvious to a worker of ordinary skill in the art 
reading Hansen in view of the knowledge in the art that another orally administered 
medication, such as BH4, could be incorporated into an infant or adult nutritional 
composition for administration to an individual having a metabolic disorder in order 
to facilitate compliance to a phenylalanine limiting diet. 

Moreover such a combination of two orally administered compositions is 
naturally motivated by a desire to reduce the nvimber of separate cmpsitions ingested 
by a patient. 

19.3. Patients suffering from phenylketonuria frequently eat special 
phenylalanine-free or low phenylalanine medical foods such as PhenylAde Amino 
Acid Blend. See PhenylAde MTE Amino Acid Blend at page 3 of the Phenylade II 
brochure. It would have been obvious that an orally administered medication, such as 
BH4, could be incorporated into this orally administered special nutritional 
composition. Following the instructions in the PhenylAde II brochure, it would also 
have been obvious to combine BH4, the PhenylAde Amino Acid Blend, and other 
conventional foodstuffs. Page 4 of the Phenylade II brochure instructs one to add the 
amino acid blend to a number of foodstuffs including pudding, baby food or 
applesauce. Bates and Isaacs teach that medications may be added to soft foods, such 
as pudding, baby food or applesauce. Thus, it would have been obvious to a worker 
of ordinary skill reading Hansen, which discloses incorporating a medication into an 
infant or adult nutritional composition, ftirther in view of the disclosure of PhenylAde 
n, to prepare a food composition containing PhenylAde MTE Amino Acid Blend and 
a medication such as BH4 for a patient that is being treated with both BH4 and low- 
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phenylalanine diet. See, e.g., Weglage at page 322, which states that in some cases a 
combination of BH4 treatment and phenylalanine-restricted, or low phenylalanine, 
diet was necessary to achieve control of phenylalanine levels 

20. Claim 20 is directed to a composition of claims 13-19 that contains additional 
minerals and/or electrolytes. Claim 20 is obvious for the reasons discussed above with 
respect to claim 19, and additionally because supplementation of food products with minerals 
and/or electrolytes is well known. For example, PhenylAde MTE Amino Acid Blend (see 
PhenylAde II brochure) contains added minerals and trace elements. Hansen also discloses 
that the nutritional compositions containing medication may contain added minerals and 
vitamins. Hansen, col. 5, lines 22-29. 

21. Claim 21 is directed to a composition of claim 13-20 that contains additional 
phenylalanine and is obvious for the same reasons described above for claims 13-20, in view 
of the Phenylade I brochure. This brochure shows an amino acid bar (Chocolate Crispy) that 
has some phenylalanine. 

22. Claim 22 is directed to a composition of claim 13-21 that contains additional 
L-camitine. Claim 22 is obvious for the same reasons described above for claims 13-21. 
Phenylade Amino Acid blend contains L-camitine. See PhenylAde II brochure. 

23. Claim 23 is directed to a composition of claim 13-22 that contains 
myoinositol and choline. Claim 22 is obvious because Hansen teaches that nutritional 
compositions (with may incorporate medication) include myo-inositol (col. 1, lines 33-40) 
and choline (col. 5, line 26). 

24. Claim 24 is directed to a composition of claim 13-19 which contains 
antioxidants, particularly Vitamin C. Claim 24 is anticipated under 35 U.S.C. § 102(b) by 
Rabelink, which discloses a composition comprising BH4, the amino acid arginine, and 
optional ingredients including a B vitamin folate and an antioxidant such as ascorbic acid, i.e. 
vitamin C (Rabelink, paragraph 74). 

25. Claim 25 is directed to the composition of claim 13-24 wherein the compound 
is selected from a group that includes 5,6,7,8-tetrahydrobiopterin, particularly the 




20 



Protest of U.S. Patent Application No. 10/539,842 

P. 21 of 27 

hydrochloride thereof. Claim 25 is anticipated or obvious for the reasons described above 
with respect to claim 13-24. Claim 25 is anticipated by Rabelink, Walters or Dissing, which 
disclose compositions containing BH4 (5,6,7,8-tetrahydrobiopterin) and an amino acid. 
Walters specifically states that the BH4 used was a 5,6,7,8-tetrahydrobiopterin 
dihydrochloride. Rabelink also discloses optional inclusion of a vitamin and antioxidant. 

26. Claim 26 is directed to the use of a compound of formula I as a dietary 
supplement and is obvious for the same reasons discussed above for claim 19. 

27. Claim 27 is directed to the use of claim 26 wherein the compound is selected 
from a group that includes the compounds 5,6,7,8-tetrahydrobiopterin and sapropterin, and 
particularly the hydrochloride thereof and is obvious for the same reasons discussed above 
with respect to claim 19, in view of the references discussed with respect to claim 2 (showing 
administration of hydrochloride salts of 5,6,7,8-tetrahydrobiopterin and sapropterin): 

28. Claim 28 is directed to a special food based on mixtures of essentially 
phenylalanine-free mixtures, that contains at least one compound of formula I. Claim 28 is 
obvious for the same reasons discussed above for claim 19. 

29. Claim 29 is directed to the special food of claim 28 wherein the compound is 
selected from a group that includes the compounds 5,6,7,8-tetrahydrobiopterin and 
sapropterin, and particularly the hydrochloride thereof. Claim 29 is obvious for the same 
reasons discussed with respect to claim 19, in view of the references discussed with respect to 
claim 2 (showing administration of hydrochloride salts of 5,6,7,8-tetrahydrobiopterin and 
sapropterin). 

30. Claim 30 is directed to the special food of claim 28 or 29 that contains 
additional carbohydrates, (particularly glucose, maltodextrin, starches) and/or fats, (such as 
fish oil, particularly salmon oil, herring oil, mackerel oil, or tuna fish oil). Claim 30 is 
obvious because Hansen discloses that nutritional compositions (which may incorporate 
medication) include a carbohydrate source and a lipid source, Hansen, col. 3, lines 64-66, 
Exemplary carbohydrates include glucose, maltodextrin and starches such as rice, com and 
tapioca starches. Hansen, col. 4, lines 35-39. Exemplary fats include fish oil. Hansen, col. 4, 
line 51. Mukerij also discloses similar components for nutritional compositions, in which 
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carbohydrate sources include glucose, maltodextrin and other sugars, or starch (e.g., Mukerji, 
col. 11, lines 24-26, col. 27, lines 48-51, etc.) and exemplary fats include fish oil (e.g., 
Mukerji, col. 36, line 22). Thus, it would have been obvious to a worker of ordinary skill in 
the art reading Hansen, that another orally administered medication, such as BH4, could be 
incorporated into a nutritional composition described above, e.g., with an additional lipid and 
a carbohydrate source, in order to make the formulation more palatable to patients requiring 
low-phenylalanine food stuffs. 

3 1 . Claim 3 1 is directed to the special food of one of claims 28-30 that is 
hypoallergenic and/or essentially gluten-free. Claim 31 is obvious because Mukerji discloses 
that nutritional compositions can be formulated with soy protein to avoid symptoms of cow 
milk protein allergy (e.g., Mukerji, col. 23, lines 25-28, col. 24, lines 39-40, etc.), or can be 
formulated as a gluten-free composition (e.g., Mukeqi, col. 26, line 37 or line 66, col. 33, line 
27, etc.). A worker of ordinary skill would have been motivated to substitute any known 
nutritional composition for any exemplary nutritional compositions disclosed in Hansen to 
treat a patient having a metabolic disorder. Mukerji teaches, for example, 
hypoallergenic/gluten-free compositions. Thus, the combination of Hansen and Mukerji 
teaches the combination of oral medications such as BH4 with hypoallergenic or gluten- free 
nutritional compositions such as disclosed in Mukerji, to accommodate a patient with PKU 
and additional food allergies. 

32. Claim 32 is directed to the special food of one of claims 28-31 that is an 
infant formula. Claim 32 is obvious for the same reasons discussed with respect to claims 30 
and 31, because Hansen discloses that nutritional compositions (which may incorporate 
medication) include infant formula. Hansen, col. 3, line 61. 

33. Claim 33 is directed to the special food that is a powder, particularly a freeze- 
dried powder. Claim 33 is obvious for the same reasons discussed with respect to claims 30 
and 31, because Mukerji discloses that nutritional formulas can be not only liquid but also 
may be stored as a powder that can be reconstituted with water. Mukerji, col. 12, lines 6-11, 
col. 32, line 22. 

34. Claim 34 is directed to the special food that contains additional fatty acid 

supplements, particularly unsaturated fatty acids, preferably omega 3 fatty acids, especially 
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alpha-linolenic acid, docosahexaenoic acid, eicosapentaenoic acid, or omega 6 fatty acids, in 
particular arachidonic acid, linoleic acid, or linolenic acid; or oleic acid. Claim 34 is obvious 
for the same reasons discussed with respect to claims 30 and 31, because Hansen discloses 
that nutritional compositions (which may incorporate medication) can include these named 
fatty acids of the omega 3 and omega 6 categories (arachidonic acid, linoleic acid, palmitic 
acid, stearic acid, docosahexaenoic acid, eicosapentaenoic acid, linolenic acid, oleic acid). 
Col. 4, lines 54-56. Thus, it would have been obvious to a worker of ordinary skill in the art 
reading Hansen, that another orally administered medication, such as BH4, could be 
incorporated into a nutritional composition as described above, in order to make a 
formulation more palatable to patients requiring low-phenylalanine food stuffs. 

35. Claim 35 is directed to the special food that contains fish oil additives, 
particularly salmon, herring, mackerel or tuna fish oil. Claim 35 is obvious because Hansen 
discloses that nutritional compositions (which may incorporate medication) include fish oil. 
Col. 4, line 51. Mukerji also discloses that oil sources for nutritional compositions can 
include fish oil additives (col. 36, line 22). Thus, it would have been obvious to a worker of 
ordinary skill in the art reading Hansen, that another orally administered medication, such as 
BH4, could be incorporated into a nutritional composition having fish oil as described in 
Hansen, in order to make a formulation more palatable to patients requiring low- 
phenylalanine food stuffs. 

36. Claim 36 is directed to the special food of claims 28-35 that can be used as a 
milk substitute, particularly for nursing infants. Claim 36 is obvious because Hansen 
discloses that nutritional compositions (which may incorporate medication) include infant 
formula, and that such compositions can be milk-based or soy-based (as a milk substitute). 
Hansen, col. 3, lines 61-63. Mukeiji also discloses nutritional compositions that are used as a 
milk substitute, particularly for nursing infants. Mukerji, cols. 23-26. Thus, it would have 
been obvious to a worker of ordinary skill in the art reading Hansen, that another orally 
administered medication, such as BH4, could be incorporated into a nutritional composition 
used as a milk substitute as described in Hansen, in order to make a formulation more 
palatable to patients requiring low-phenylalanine food stuffs. 
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37. Claim 37 is directed to the special food of claim 36 wherein the milk 
substitute has a fat content of 90% triglycerides and 10% mono- and di-glycerides. To the 
extent that nutritional compositions known in the art have such a fat content, this claim is 
obvious for reasons discussed above for claims 28-35. 

38. Claim 38 is directed to the special food of claim 37 wherein the fat 
component includes plants oils, particularly safflower oils and/or soybean oil and/or coco oil. 
Claim 38 is obvious because Hansen discloses that nutritional compositions (which may 
incorporate medication) include plant oils, including safflower, soybean and coconut oils. 
Hansen, col. 4, lines 49-5 1 . Mukerji also discloses that oil sources for nutritional 
compositions include soybean, coconut, or safflower oils (e.g., Mukerji, col. 23, lines 44-45, 
col. 27, lines 37-39, etc.). Thus, it would have been obvious to a worker of ordinary skill in 
the art reading Hansen, that another orally administered medication, such as BH4, could be 
incorporated into a nutritional composition described above in order to make the formulation 
more palatable to patients requiring low-phenylalanine food stuffs. 

39. Claim 39 is directed to the special food of claims 28-38 that is formed as a 
milk drink mix, particularly a fruit-flavored or chocolate drink mix. Claim 39 is obvious 
because Hansen discloses that nutritional compositions, with which medications may be 
combined, may be a variety of flavors including chocolate, banana or strawberry. Hansen, 
col. 5, lines 46-47. Mukerji also discloses that nutritional compositions can be flavored, e.g. 
chocolate, berry, banana, cherry, strawberry, lemon or orange (e.g., Mukerji, col. 28, line 65 
through col. 29, line 2). Thus, it would have been obvious to a worker of ordinary skill in the 
art reading Hansen, that another orally administered medication, such as BH4, could be 
incorporated into a nutritional composition comprising a flavored mix as described in 
Hansen, in order to make a formulation more palatable to patients requiring low- 
phenylalanine food stuffs. 

40. Claim 40 is directed to a special low-phenylalanine foodstuff containing a 
low-protein basic food as well as at least one compound of formula L Claim 40 is obvious 
for the same reasons described above for claim 19. The PhenylAde I and 11 brochures 
disclose special low-phenylalanine foodstuffs. Hansen also discloses that nutritional 
compositions may be low protein, e.g. ranging from 7-30% protein, for example, 10-15% or 
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12% protein. Hansen, col. 4, lines 9-21. Thus, it would have been obvious to a worker of 
ordinary skill in the art reading Hansen, in view of Phenyl Ade II, that BH4 could be 
incorporated into a low-protein nutritional composition as described in Hansen, in order to 
make a formulation more palatable to patients requiring low-phenylalanine food stuffs or to 
facilitate compliance with a low-protein diet in these patients. 

41 . Claim 41 is directed to the special food of claim 40 wherein the compoimd is 
selected from a group that includes the compoimds 5,6,7,8-tetrahydrobiopterin and 
sapropterin, and particularly the hydrochloride thereof. Claim 41 is obvious for the same 
reasons as for claims 19 and 40 in view of the references discussed with respect to claim 2 
(showing adniinistration of hydrochloride salts of 5,6,7,8-tetrahydrobiopterin and 
sapropterin). 

42. Claim 42 is directed to a special low-phenylalanine foodstuff according to 
Claim 40 or 41 that is selected from the group of convenience foods; pasta, particularly 
noodles; baked goods, particularly bread, cakes, and cookies; sweets, particularly chocolate, 
hard candies, and ice creams; and drinks, particularly milk substitutes in the form of drink 
mixes, particularly fruit-flavored or chocolate drink mixes; and beer. Claim 42 is obvious for 
the same reasons described above for claims 19, 40 and 41 above in view of the disclosure 
that low-phenylalanine foodstuffs can be beverages, pudding, or bars (PhenylAde I or II 
brochures), and the disclosure of Hansen that nutritional compositions can be fruit- or 
chocolate- flavored (Hansen, col. 5, lines 46-47). The particular choice of food form is not 
inventive. Mukerji also discloses that nutritional compositions can be in the form of liquid 
(e.g., cols. 23-26), snack bars (col. 26, lines 61-67), or pudding (col. 33, lines 20-27), and that 
nutritional compositions can be added to a variety of foods including cheese, yogurt, 
chocolate, candy, snacks, meats, fish, and beverages (col, 1 1, lines 55-57). 

43. Claim 43 is directed to a diagnostic tool for the diagnosis of sensitivity to 
BH4 in amino acid metabolic diseases, containing at least one compound of formula I (a 
formula which includes BH4). Claim 43 is unpatentable under 35 U.S.C. § 102(b) as 
anticipated by any one of Steinfeld, Kure, Trefz or Blau. 

43.1 . Steinfeld discloses the use of BH4 as a diagnostic tool, in a BH4 

loading test, to determine if a patient with PKU is responsive (i.e., sensitive) to BH4 
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(p. 403, 1*^ col.). Kure describes use of BH4 as a diagnostic tool, in a standard and 
modified form of a BH4 loading test, to determine if a patient with PKU is responsive 
to BH4 (pp. 376-377). Trefz also discloses a BH4 loading.test (2"** col.). Blau also 
discloses a BH4 loading test to discriminate BH4-responsive patients from BH4- 
nonresponsive patients (p. 18). 

44. Claim 44 is directed to the use of claim 10 (chaperone or neurotransmitter or 
messenger enhancer) wherein the conditions include specific conditions described in Dissing, 
Walter or Blau, such as phenylketonuria, particularly mild PKU and classic PKU, conditions 
caused by decreased cellular availability of catecholamines, nexu-otransmitter disorders, 
conditions caused by reduced cellular availability of dopamine or . serotonin, particularly 
Parkinson's disease, or conditions with reduced NO synthase activity, particularly endothelial 
dysfunctions. Claim 44 is thus anticipated by Dissing, Walter or Blau for the same reasons 
described above for claim 10. 
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IV. Conclusion 

The Examiner's attention is respectfully drawn to the contents of the 
publications cited herein, all of which were published more than one year before the filing 
date of the Muntau-Heger application and thus are prior art under i35 U.S.C. § 102(b). For the 
reasons described herein, all claims of PCT/EP2003/0 14262 and its corresponding U.S. 
national phase application, U.S.S.N. 10/539,842, are unpatentable under 37 CFR § 
102(b)/103. 
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Medication Storage 



What is die ideiJ place for storing medicine? Several factors are impor- 
tant to consider. . • . 

Firet, and most imporant, keep all medicine out of the reach of 
children. Children are extremely curious, not only as infants, but also 
when tfiey get older^The curiosity of children should never be underesti- 
mated, whatever theft- age. Poison Control Centers frequcndy receive calls 
regarding children of , all ages who, for no apparent reason, have swallowed 
a potentially lethal substance. 

All medicines should be l<ept in a place diac is very inaccessible to chil- 
dren, whether diis means {^lacing dtem on; die top shelf of a child-proof 
cabinet or in a locked safe. Do not expect a child-proof container to pre- 
vent d>e child from getting/the medicine. A child-proof container is one 
diac only cakes longer for a yoong child to open dian an adult. 

If d)e medicine is kept in a locked cabinet d«at is accessible to children, be 
sure die cabinet is always locked, wheti^er or not you are in the room. If die 
cabinet Is not locked when you are In die room, it is no better than placing 
the medicine on die floor in front of die child. It may take less dian a minute 
for a child to get the medicine and take enough to cause serious harm. 

What about medicine diat needs to be refrigerated? It is impractical to 
lock a refrigerator. However. 5ome basic steps can be taken to decrease 
the chance of the child getting into die medicine.The easiest is to put the 
medicine on die top shelf of die refrigerator. If die child can reach or get 
to die top shelf, die medicine can be hidden behind somediing on diat 
shelf. The medicine dien will be out of die child's sight and hopeftjily.-ouc 
of mind. If you believe it is necessary to make It more difficult for the child 
to open the refrigerator, velcro straps diat can be attached to die door 
are available. However, dtis provides only limited protection. 

Second, moisture and direct sunlight may damage some medicines, making 
them less eifective. Unless odierwise directed, medicine ahvays should be 
kept in a cool, dry place away from sunlighc 

Third, always keep die medicine In die original conuiner it dispensed 
in from die pharmacy It is required by law diat all medicine dispensed 
from die pharmacy be placed in child-proof containers unless die patient 
specifies odierwise. As mentioned eariiar. a child-proof container Is not a 
guarantee diat a child cannot open it. It only means diat it usually takes 
young children longer to open it than an adult. It Is this extra time diat 
may allow you to stop die child from getting hurt 
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c^S-f Ji** '^"^ T medic.nes.you may still find young 

Children with an open bottla. if this occurs, you must do the followii: 

I) Remain calm. If you panic, that does not help the child and may even 
JStfsWe "'^ treatment that may save the 

^^?^'k%T**'1* ^n** medicine away from the 

child, but keep Che eoncainernear you. 

°1 ""HT y**"'' "'eht. Some' medicine may cause 

the child to become dizzy and fall or pass but. It Is best diat he 
remains near you. sitting or lying on die floon If he refuses, do not 
waste ame crying to get him to sit or lie on the floor, but at least 
keep him in your sigfic 

4) Call 91 1 or the Poison Control Center before you'do anything 

else. Never try to make die child vomit unless otherWise directed 
to do so by a specially trained healdi professional. K</ep dte Poison 
Control Center's number readily available. 

5) When talking to 91 1 or the Poison Control Center, remain 

calm and give them all the information requested. Some of 
the questions diey asic may seem unnecessary to you. but it is nec- 
essary to determine if die child has been poisoned or not 
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Emergency Numbers 

Poison Control Center 
Telephone: 

Hospital Emergency Room 

Telephone; " 

Hospital Emergency Room 
Telephone: . 

Physician 

Telephone: , 
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EXHIBIT B 

J^blication of Workshop Mtults 




34"' 1^ Meeting 



Zurich, May 31" 2002 -June 2"^ 2002 



forMoHwrftChM 



The 34* Meeting was held very successfully in Zurich from May 31' 2002 - June 2'«* 
2002. The scientific organisation for this year 's main topic: 

^Genetic Disorders of the Skeleton and of Connective Tissues'' 

was under the responsibility of Prof. Dr. Beat Steinmonn and Prof. Dr. Andrea Superti-Furgo, 
Zurich. 

As in previous years, the results of the workshop which vvere held on the 1" of June 2002 
are published in this booklet. 
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BH4-Responsive HPA/PKU 
Cl^^ersons: Nenod BloU/ Ania Mufliu 



Introduction 

BHa is an essential component of the phenylalanine hydroxylating system (Figure 1 ). BH^- 
responsive hyperphenylaloninemia (HPA) or phenylketonuria (PKU) is o recently 
recognized variant of phenylalanine hydroxylase (PAH) deficiency. In particular patients 
with mild forms of PAH deficiency (plasma Phe < 1 200 Jlmol/L) have been recognized to 
respond well to oral BHiodministrotion . After o positive newborn screening revealing HPA, 
BK-responsive patients con be discriminated from BH4-non responsive patients by a BHi 
loading test. The data so far available indicate that the incidence of BH4-responsive PAH 
deficiency among individuals with mild HPA phenotypes is 70-80%. Genotypically, most of 
the patients with BH*-responsiv€ HPA show heterozygous mutations in the catalytic domain 
of the FAH gene. Some patients, however, bear homozygous mutations or mutations 
located in the regulatory or dimerization domains. 



Phenyiolonine hydroxylating system 



Buonosint triphosphote 



Ihosphote ( 



NH2TP 
FTP 



0 Q 



Tetrahydrobiopterin" 



Phenyiolonine 



q - Dfhydrobiopterin 



PAH 



Pterln- 



4o-corblnolomine 



Tyrosine 



Figure !• The phenylalanine hydroxylating system comprises apoenzyme phenylalanine hydroxylase (PAH), 
cofactor BH^, ond two regenerating enzymes pterin-4o-carbinolamine dehydratase (PCD) and 
dihydropteridine reductase (DHPR). While phenyiolonine (Phe) activates the biosynthesis of BH- by induction 
of GTP cyciohydrolase I via the GFRP protein, BH4 acts as a feed bocli Inhibitor through the some mechanism. 
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In addilion to four essenlial components (PAH, PCD, DHPR, BtLl molecular oxygen and 
iron (III) ore re^^wJ for the fully coupled hydroxylotion of pl^Balanine to tyrosine. Iron 
is a part of the r^^x and reduction of Fe'* to Fe'* activates PAH^ne is an ollosteric effector 
(activator), while BH* negatively competes with Phe. 

PAH mutotions associated with BHrresponsive HPA/PKU 

The following PAH mutations have so for been reported to be associated with BHj- 
responsiveness in patients with HPA/PKU due to phenylalanine hydroxylase deficiency: 
L48S, I65T, A104D, V190A, R241C, R261Q, A300S, A313L A373T, E390G, A395P, 
A403V, P407S, Y414C, L48S and Y414C were found in homozygous states in single 
patients. 

The mechanisms underlying BHwesponsiveness in PAH deficiency ore not yet understood. 
BHi may exert its effects by various mechanisms including : 

1 . Compensation for a reduced affinity of the enzyme for BHi (A^mutant) 

2. Stabilization of the protein 

3. Induction of PAHgene expression 

4. Introduction of 3D structural changes in the PAH protein 



Classification of HPA patients 

So for, HPA patients have been classified according to pre-treotment plasma phenylalanine 
concentrations: 

1 . Classical PKU (pre-treotment plasma Phe > 1 200 p.mol/L) 

2. Mild PKU (pre-treotment plasma Phe 600 to 1 200 ^jnol/L) 

3. Mild HPA (Phe 1 20 to 600 Jimol/L) 

4. BHi deficiency (Phe > 200 ^imol/L) 

We propose a new clinical classification of HPA based on the feature of BH^- 
responsiveness rather than on pre-treatment plasma phenylalanine concentrations: 

1 . BH^-non-responsive HPA 

2. B Hi-responsive HPA: a) B Hi-responsive PAH deficiency 

b) Defects in the BHi pathway. 
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Protocol for the standard BH^ loading test for patients with plasmo Phe > 
400pmol/L 

Due to the morked^Brogeneity in the response to BH4, the si^Plvity of the test is 
increased significantly when an extended observation period is used. The revised protocol 
therefore recommends on observation period of 24 hours: 

• The lest is carried out after at least 3 hours of fasting 

• Urine sampling for neopterin and biopterin before the beginning of the test 

• Oral application of BH4 (20 mg/kg bw) 

• Continue food (Phe) intake during the whole test period 

• Blood sampling for Phe and Tyr at 0, 4, 8, and 24 h 

• Urine sampling for neopterin and biopterin at 4-8 h 

• Blood spot for DHPR activity in erythrocytes (Guthrie card) 

Protocol for the combined Phe-BH« loading test for patients with plosma 
Phe < 400 pmol/L (mild HPA or child on diet) 

• The test is carried out after at least 3 hours of fasting 

• Urine sampling for neopterin and biopterin before the beginning of the test 

• Oral application of Phe ( 1 00 mg/kg bw) 

• Oral application of BH* (20 mg/kg bw) 3 hours after Phe load 

• Continue food intake during the whole test period 

„ Blood sampling for Phe and Tyr at 0, 3, 7, 11, and 27 h 

• Urine sampling for neopterin and biopterin at 7-1 1 h 

• Blood spot for DHPR activity in erythrocytes (Guthrie cord) 

Definition of a positive loading test 

Patients ore classified as being BK-responsive when blood phenylalanine concentrations 
24 hours after BH4 challenge decrease by more than 30% of the value obtained before 
BH4 odminisfrotion. Some patients show a rapid decrease resembling that seen in patients 
with BH4 synthesis defects, while others display a slow response reaching a maximum effect 
only 12 to 24 hours after cofactor application: Fast and slow responders. 

Recent (unpublished) data: 

In a large retrospective study (n=1939) the traditional BH- loading test was found to be 
positive in 65%, 74%, 33%, 17%, 0%, and 10% of patients with basal Phe levels of 12a 
400, 400-800, 800-1200, 1200-1600, 1600-2200, and >2200 |Llmol/L, respectively, ' 
when loaded with 20 mg 6R-BH4/kg (C. Bernegger and N. Blou, unpublished results). 

BH4 was shown to significantly reduce blood phenylalanine concentrations and to enhance 
in vivo "C-phenylalanine oxidation in 27 out of 31 patients with mild HPA phenotypes, 
whereas 7 out of 7 patients with classical PKU did not respond to BH4 (A.C. Muntou, 
unpublished results). 
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BH4 (where to buy ond how much to pay) 

Schirck^HH^orotories 

Buchstrosse 1 0 - 8645 Jona - Switzerland 
TeL+41 55 225 52 25 
Fax: +41 55 225 52 26 
e-mail: schircks@schircks.com 




Long term BH4 treofment 

Data from a small pilot therapeutic trial in 5 children with mild PKU aged 4 to 1 4 years 
replacing dietary phenylalanine restriction by oral administration of BH4 at daily dosages 
between 7. 1 and 1 0.7 mg/kg body weight ore now available. The duration of treatment 
was 207 ±51.3 days (mean ± SD; range 166 - 263). Cofactor treatment led to a 
significant increase in the daily phenylalanine tolerance from 1 8.7 ± 8.6 mg/kg body 
weight (mean ± SD; range 8.5 - 30) before BH* treatment to 61.4 ± 27.9 mg/kg body 
weight (mean ± SD; range 17.9 - 90) on BH. treatment (P< 0.05) with little impact on the 
blood phenylalanine concentration (before treatment 366 ± 120 jjmol/l, after treatment 
378 ± 173 pmol/l; mean ± SD), A.C. Muntau, unpublished results. 

At present no treatment recommendotions con be given (experimental phasell 

• Multicenter trials will be initiated 

- Initial dosage 1 0 mg/kg x day 
Individual titrotion/optimization 

- BH4+ diet optional in PKU patients 
BH^is very expensive 

- Age 1 mo diet (2,600 EUR) BH. (2,500 EUR)* 

- Age2yr diet (3,000 EUR) BH- (7,000 EUR)* 

- Age 7yr diet (5,600 EUR) BH4 (13,000 EUR)* 

* 1 0 mgAg^ all prices per year of treatment 
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SEROLOGICAL AND BIOCHEMICAL DATA 



Serum 


1979 
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Oct. 31* 
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Oct. 27 


Feb. 9 
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May 24 


Dec 27 
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30 
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HBsAblmlU/ml) 
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1000 
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iothj snilxxSci 
























(ledprocaltinc) 
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100 








67 


16 


8 


6 






5 




5 




Aliniac amiimniisferue 
























(DonDi)nagc5-45lU/l) 
AMncpfaosphttase 
(nonnsl range 40-200 lU/l) 


9 


1,230 


186 


84 


128 


82 


52 


70 


47 


29 


22 - 


110 


788 


530 


140 


300 


249 


122 


102 


81 


69 


64 


7i)obulis(g/I) 


8-5 


13-1 


12-2 


15-0 


]0*0 


12-4 


11-5 


11-3 


12*0 


11*8 


12-7 



MsicnflTHBV wac dcteaed by aobd-phasc radinimimiiHMiwy (QtTTSi ParitX utti-d aotibodiet were measured •ccordmg to Rizzetto a iL' 
•OtaOo. 31, 1979, Knmi C3 tod C4 kvds were 17S aad 25 mg/dl, respectively (normal nnge 80-160 aod 20-40 mgfdX^ 

nnis repUcatioD, whereas in chimpanzees which were positive for 
HBcAg the 6 infecrion subsided rapidly. 

wnBKbR^FiiDce 



CKT^hm 

INSEUIUia43» 
UEKAUiCindiLyoD 



D. Fk^OMMEL* 
J.-P. AU-AIN 

a.-m. gourouce 
S.Derosb 
D.TtePO 

fi»ifai.A««n;H.miL O.CrIVELLI 

TsBibaif M. Rizzetto 

fmm iddim: Hepatuis Immuneviroloor and EpidemioloBr Labontoiy (INSERM 
Dan 4%UEK Aku Carrel* 69372 Lyon. P^taoe 

UCK OF HVPERSENSrriVITY TO IONISING 
RADIATION IN FAMILIAL DYSAUTONOMIA 

SQi,-It has been suggested that defective DNA repair may be 
ioTohcd in the pathogenesis of a range of neurodegenerative 
dismters. Tests of in vitro cell sensitivity to ionising radiation or 
other DNA damaging agents may give information about DNA 
npair mechanisms. These tests have now been done for several 
^Bseases of the nervous system, both familial and sporadic, as 
invested by Dr Robbins and colleagues (Feb 26> p 468). Amongst 
the (fisorden reponed by Robbins and colleagues as showing 
ceUular hypersensitivity both to X-rays and the DNA al^lating 
agent N-mcthyi-N'-niuo-N-nitrosoguanidinc is the inherited 
Qcuninal disorder familial dysautonomia. '"^ We have been unable to 
confinn the presence of inaeased radiosensitivity. 

a RBBttDM,ShibJVK,GockeDJ,FuscellRH,VemeG,OertmJL Incidence tad 
G{Qifiaace amibodiea lo delta auigeii In bcpautii B vliua iiifcciini.laiificr 1978} 
k986^ 

I lotto JH, Mosbdl AN, Sarpbato SG, Tarone RA. Cdli from patima viUh 
dnopoDioarebellsr atropfay and familial dyaautonomia arc hyperacnatidve to 
Mnmni ndiaiioo. Ctm Ko. 1980; 2S} 290A. 
I Sodxro DA, Meyer SA, Cbncrbudt BE, Tarone RE, Robbtoa JH. Hyperaeoaitmty 
to N«ittbyl-N'Huin>-N<iutro3ogiianMttnc in fibroblaata from paticnu with 
diaeaac familid dyaautonomia and other primary neorooal 
\,PweN4aiAeadSa(VSA} 1981; 78t 6451-55. 



Fibroblasts from four patients with familial dysautonomia were 
obtained from the Institute for Medical Research, Camden, New 
Jersey, and clonal sensitivity to graded doses of ionising radiation 
was measured by standard techniques.^ Calculated values for (m 
rods) showed no difference between familial dysautonomia and 
control celb (see table). 

The pathogenesis of this disease is unknown, and the suggestion 
that defective DNA repair tboi^x be involved is attraaive. 
Neuropathological studies show premature loss of neurons in 
autonomic ganglia and spinal sensory ganglia^ with secondary 
changes in ascending spinal tracts and peripheral nerves; and spinal 
ganglion cell loss is a striking feature of the known or presumed 
DNA>repair<leficiency disorders xeroderma pigmentostui and 
ataxia tclangieaasia, as well as in Friedreich's ataxia, where 
increased cellular X-ray sensitivity has been shown.^ In their studies 
Robbins and his colleagues used virus-transformed lymphocyte cell 
lines,' the post-irradiation viability of which was determined by 
trypan blue dye-exclusion, while hypersensitivity to a chemical 
mutagen was indicated by work on fibroblasts.^ Our study does not 
support the idea that DNA repair might be defeaive in familial 
dysautonomia and suggests the need both for caution in interpreting 
experiments suggesting abnormal cellular responses to DNA 
damaging agents and for mukiple parallel experiments of the type 
deposed by Teo and colleagues.^ 
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SUCCESSFUL TREATMENT OF DEPRESSION IWTTH 
TETRAHYDROBIOPTERIN 

S1R9— Certain subgroups of patients with endogenous depression 
seem to have a decreased activity of central serotonin and/or 
noradrenaline systems' and drug therapies directed at increasing 
noradrenaline and/or serotonin at synapses in the central nervous 
system have proved beneficial in certain cases. Tetrahydrobiopterin 
(BH4), the co-factor for tyrosine and tryptoi^ian hydroxylase^ is 
thou^t to play an important role in regulating faic^nic amine 
synthesis.^ Co-factor content in cerebrospinal fluid (CSF) from 
depressed patienu was first measured in 1978> although no 

3. Chamberbin S» Lcwu PD. Sludica of ceUular hypcnenaitiviiy to KMuaiof radiation in 

PnKdrcicb*8 nana. 7 Nml Nmrnti PtyAm 1982; 48s 1 1 36-3a 

4. Tee lA, Atkn CF, Hiicoun SA, PrKsdcy A, Broughton BC Mutapfe 

byperaensithrity to mutafoia 10 a cell attain (46 BR) derived ftoin a paticm with 
uiununoKlefioeoctea. MutatiOH Rt$ 1983; lt7t 371-86. 

1 . Goodwin FK> Cowdry RW, Webster MH. Prediction of drug response 10 the aflccuvc 

disofdera. In: Upton M, DiMaacto A» KiUam K, eds Psychopharmacolonr 0 
generation of progreas. New Yort: Raven Preas, 1978: 1277-'88. 

2. Levine RA. Kuho DM« Willtaftts AC, Lovenbeig W. The influence of ageing on 

biogenjc tminc symhcsts: The role of tbe bydroaylasc cobctor. In: Raskin A, 
Robinson DS. Uvme J, eds. Influence of age on the pharmacology of psychoactive 
dr^ga. Amatcrdaoi: Elaener, 1981: 37-4S. 
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definitive conclusions were drawn. ^ We recently reponed mood 
improvement in two depressed patients after a single oral dose of 
BH4/ High-dose BH4 treatment has also been shown to be effective 
in cenaic cases of BH4-deficient hyperphenylalaninaemia,''* 
Parkinson's disease,''* and dystonia.^ Wc now report an extended 
study of one chronically depressed patient, uimianageable by 
traditional antidepressive therapy, whose mood improved markedly 
concomitant with an increase in the CSF content of BH4 and the 
biogenic amine metabolites 5-hydroxyindoleacetic acid (5-HIAA) 
and homovaniUic acid (HVA). 

A 53-year-old female had not responded to either placebo or a wide 
variety of antidepressive drugs during 1 0 years of hospital care. (She 
had responded to 5-hydroxyiryptophan 15-HTP] but long term use 
of this drug was not feasible because of the induction of manic 
symptoms uncontrollable by dosage adjustments.'^ Tryptophan 
alone had no effea.) The manic response to 5-HTP did indicate 
possible involvement of serotonin systems. 5-HTP caused severe 
nausea and vomiting that was not suppressed by addition of a 
peripheral decarboxylase inhibitor. 

This patient was selected for further study from three patients 
who had been screened for elevation of mood after BH4 given at a 
dose of 1 g by mouth in the early morning for 3 days; she was the 
only positive responder. BH4 therapy induced intermittent 
vomiting, though not as severe that caused earlier by 5-HTP. On 
day 3, her mood had much improved. 7*he improvement persisted 
for 3 days after BH4 therapy was stopped, but then the patient 
deteriorated. Biochemical measurements indicated no correlation 
between mood and urinary free dopamine or serotonin. 

For 2 months after the first trial, the patient was given no 
antidepressive drugs. Then BH4 1 g daily (from Dr B. Schircks 
Laboratory, Schacbenstrasse 4, Wettswill, Switzerland) was tried. 
AAer 5 days with no response, her diet was supplemented with 
tryptophan and tyrosine in case nausea and vomiting had been 
restricting her intake of these biogenic amine precursor aminoacids. 
On day 6 there was a marked clinical improvement that lasted over a 
week as determined by global assessment scales and the AMP rating 
method. The elevation in mood on day 6 coincided with a 
significant increase in the CSF content of 5-HlAA, HVA, and 
biopterin. However, we do not know if CSF meubolites were 

3 Van Kammeo DP, Levine RA, Sternberg D, Ballenger J, Marder S, Poat R, Buimey, 
W. PreUmiaary cvaluaiion of hydroxylase cofaaor in human apiiul fluid: Potential 
biochemical and clinical relevance in the study of psychunnc diteaie. 
Ptyckopharmatol Bull 1978, 14i SI -S3. 

4. Cunius H<Ch, Muldttcr H, Kiedcrwtescr A. Tetrahydrobioptenn: Efficacy in 

oidogenotts deprcuion and Parkuuoo'a disease. J Ntural TnuumuMim 1982; Ut 
301-18. 

5. RaufnuD S, Kspaios G» Mclnaes RR« Schulmao JD, Riizo WB. Uie of 

tetrahydropterifts in the treatmcoi of hypcrpfacnylalaninemu doe to deftctive 
synthesis of teirahydrobiopierin: Evidence that peripherally adminiartfcd 
teirabydroptenns enter the brain. Pedtaina 1982; 70: 376-^. 

6. Niederwieser A, Cunius H-Ch, Vang M, Lcupold O. Atypical pbenylkcumina wnb 

defective bioptenD metabolism. Monoiberapy with tetrahydroUoptena or 
scpiapterin, screening and study of biosynthesis in nun. EurJPtdtatr 1982; lS8s 
110-12. 

7. Cunius H-Cb, Niederwiescr A, Levine RA, Muldncr H. Therapeutic efficacy of 

letrahydrobtoptenn in Parkmaon's disease. ^^M'oiro/ (in press). 

8. Narabayashi H, Kondo T, Nagatsu T, Sugimoto T, Matsuura S. Tetrahydrob i opt enn 

administration of Parkinsonian symptoms. Prce Japan Acad 1982; 58t 283-87* 

9. UWitt PA, Newman RP. Miller LP, Uvenberg W^Eldridgc R. Treatment offtynonia 

with tetrahydrobioptenn. N EtqlJAUd 1983; 308: 1S7-58. 
10. Angst J, Woggon B» Scfaoepf J. The treatment of dcpKtsioo with 
L*5-hydroxytryptO|dian versus imipramuic Ardi Ptydnan Neurol Sa 1977; 214t 
175-86, 



increased in response to BH4 before mood improvement. BF 
therapy was continued together with tryptophan (tyrosine w 
discontinued after 3 days) but the BH4 dose was lowered to 500 a 
daily on day 8 and to 100 mg on day 13 in the search for an efTcoh 
maintenance dose. When the patient was on 100 mg BH4 daily b 
mood gradually deteriorated, though CSF 5>HIAA, HVA, ai 
biopterin concentr^fkins were still high (table). Perhaps the 
metabolites are removed only slowly from the central compartmQ 
so that lumbar CSF values do not accurately reflea shon-ter 
fluctuations in mood or brain biogejuc amine metabolism; hovcve 
basal metabolite levels were clearly elevated in response to BH 
BH4 and tryptophan were discontinued on day 49> and on dajr 6 
CSF 5-HIAA, HVA, and biopterin CSF had returned to the Id 
levels found before treatment. 

CSF metabolite: biopterin ratios were fairly constant, indicatii 
that the rate of biogenic amine turnover may be dirca 
proportional to brain BH4 levels. The use of BH4, both alone: 
combination with aminoacid precursors or traditional thcnp 
should be considered a novel approach to antidepressive therapy 
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INTESTINAL PERMEABILITY IN COEUAC DISEASE 

Sir,— Dr Bjarnason and colleagues (Feb 12, p. 323) dsssA 
abnormal small-intestina] permeability to '*Cr-labeIled EDTAi 
coeliac patients successfully treated with a gluten-free diet. Dr & ( 
Ukabam and I have studied small-intestinal penneability in oodii 
patients on a gluten-Dree dict^ using lactulose and manmtol 1 
passive permeability markers. The degree of permeability aboD 
mality was related to the degree of jejunal histological abnonnalir 
and patients with apparently normal jejunal biopsy specimens hi 
normal small-intestinal permeability. 

Bjarnason et al. conclude that their study strongly suggetted* 
persistent fimaional and/or structural abnormality of the nn 
intestine in coeliac disease" and that this could have aetidlogb 
implications. These conclusions arc wholly unwananted fromil 
data presented. To justify these conclusions, the jejunal spednn 
of the treated codiacs would have had to be completely nonndi 
every respect apart from permeability. However, the data preseme 
suggest that this is not so. Five of the ten treated coeliac patientsfat 
mucosal crypt ratios below the normal range and five had raise 
epithelial lymphocyte counts. These data should be interpreted i 
showing, at least in some cases, persisting functional andstructnn 
defects as a result of suboptimal jejunal response to a ^utcn^i 
diet. Even if all the histolo^cal indices were normal, Bjarnason an 



1 . Cooper BT, Ukabam, SO. Changes in small intesdnal penneability icflca tbedcfmi 
mucosal aboonnaliiy ia oodiac patients 00 a glmea free diet. QmSa 1982; 13:211 



CSF 5-H2AA, HVA, AND BIOPTERIN CONTENT BEFORE, DURING, AND AFTER THERAPEUTIC TRIALS WITH BH4 
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Therapeutic Efficacy of Tetrahydrobiopterin 
in Parkinson's Disease 

*H.-Ch, Curtius, *A. Niederwieser, **R. Levine, and 
tH. Muldner 

^Division of Clinical Chemistry, Department of Pediatrics, University of Zurich, CHSOSl 
Zurich, Switzerland: **Section of Biochemical Pharmacology, Hypertension-Endocrine 
Branch, National Heart, Lung and Blood institute. National institutes of Health, 
Bethesda, Maryland 20205: and tLandeskrankenhaus Wiesloch, 
0-6908 Wiesloch, West Germany 



Tetrahydrobiopterin (BH4) is the natural cofactor for phenylalanine hydroxylase, 
tyrosine hydroxylase, and tryptophan hydroxylase. It is thought that BH4 plays an 
unportant role in regulating the in vivo activities of tyrosine and tryptophan hy- 
droxylase, which are the rate-limiting enzymes in the biosynthesis of the cate- 
cholamines and serotonin, respectively. In Paikinson's disease, one of the predommant 
pathological manifestations is a premature degeneration of dopamine neurons that 
originate in the substantia nigra and terminate in the striatum. The loss of these 
nigrostriatal dopamine neurons leads to a relative lack of dopamine, which is 
conmionly counteracted by the administration of the precursor of dopamine, L- 
dihydroxyphenylalanine (l-dopa). Over the years, several investigators have sug- 
gested that the possible elevation of tyrosine hydroxylase activity in surviving 
dopamine neurons by BH4 administration might provide an alternative means of 
elevating striatal synaptic dopamine. BH4 crosses the blood-brain barrier very poorly, 
although it has recently been demonstrated that high doses of BH4 administered to 
certain BH4-deficient patients suffering from defective dihydrobiopterin biosynthesis 
(also referred to as hyperphenylalaninemia or atypical phenylketonuria) eliminates 
the need for biogenic amine neurotransmitter precursor support therapy (7). Tlie 
use of BH4 as die sole treatment for certain atypical PKU patients supports animal 
experiments (2) demonstrating that BH4 can enter the brain when administered in 
high doses. 

Large-scale clinical testing of BH4 administration has posed certain problems. 
One hindrance to the therapeutic use of BH4 in clinical trials is that pure BH4 has 
only recently become available (8) and the compound is expensive. Nevertheless, 
we have administered BH4 to 2 patients with Parkinson's disease to test the potential 
therapeutic efficacy of BH4. Although our results are very preliminary, they indicate 
that BH4 administration may be a useful form of therapy in ceitain cases of Par- 
kinson's disease. 
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noted a similar, mild effect after BH4 administration to paricinsonian patients, which 
also had a short duration of action. In contrast to these reports, P. A. LeWitt and 
collaborators (this volume) administered BH4 to parkinsonian patients and observed 
no clinical benefit in 2 patients. The nature of diese differences is not clear; however, 
the study of LeWitt and co-workers used an intravenous bolus to administer BH4, 
whereas oral administration was employed in the other studies yielding positive 
results. This may indicate that the time course of BH4 entry into the brain is critical. 
Alternatively, not all patients may respond positively to BH^ administration. Age 
of the patient and duration of the illness may be critical factors in the degree of 
patient responsiveness to BH4. It is likely that younger patients with relatively short 
duration of the disease will have the best chance of responding. 

Some interesting comparisons can be made between the use of BH4 in atypical 
PKU and Parkinson's disease. Following the suggestion of Kaufman and co-workers 
(personal conununication), we also demonstrated that high dose BH4 (10^20 mg/ 
kg orally) was effective as the sole treatment in certain BHU-deficient atypical PKU 
patients (7). Since biogenic amine neurotransmitter precursors were unnecessary 
with high doses of BH4, this indicated that a sufficient amount of BH4 was pene- 
trating the blood-brain barrier. Surprisingly, the effect of a single oral dose of BH4 
lasted at least 4 days. However, the beneficial effect of BH4 now reported in the 
2 parkinsonian patients was of short duration (a few hours). This difference is 
probably explained by a fundamental difference in cofactor metabolism in these 
diseases. In BH4-dencient hyperphenylalanineniia, there is a drastic reduction in 
*e_ability to synthesize BH4. Thus, there is minimal, if any, BH4. synthesized by 
biogenic amine neurons in the brain. As a result, BH4 administration replaces the 
cofactor deficit and restores the BH4-dependent hydroxylase activity. However, 
there is little evidence to suggest such a severe lack of BH4 in Parkinson's disease. 
If altered cofactor metabolism is at all involved, the defect in BH4 metabolism must 
be less severe than in atypical PKU. If the decrease in BH4 content in Parkinson's 
disease is solely a reflection of dopamine cell loss, then the ratio of cofactor to 
tyrosine hydroxylase in surviving neurons might be the same as in a normal indi- 
vidual. Thus, BH4 administration in Parkinson's disease would be aimed at elevating 
the activity of existing tyrosine hydroxylase molecules above and beyond the enzyme 
activity provided by endogenous BH4. Some of the kinetic arguments supporting 
this approach (3) indicate that tyrosine hydroxylase may exist in multiple kinetic 
forms in vivo and a majority of enzyme molecules are in a less-active form and 
may be subsaturated with the endogenous concentration of BH4. 

The results of the present study, although preliminary, indicate the possible 
benefits of BH4 administration in Parkinson's disease. It is clear that a large-scale 
clinical trid is necessary to ultimately determine the efficacy of BH4 in Parkinson's 
disease. In a preliminary fashion, we have also tested the effectiveness of BH4 
administration in 3 patients with endogenous depression and found a dramatic 
improvement for several hours in the 2 patients diagnosed as inhibited endogenous 
depressives (1). 
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[57] ABSTRACT 

L-erythro-5,6,7,8-tetrahydrobiopterin, L-sepiapterin, 
r,2'-diacetyl-5,6,7,8-tetrahydrobiopterin and 6-methyl- 
5,6,7,8-tetrahydropterin can be used for the therapeutic 
treatment of patients with Parkinson's disease and of 
patients with depression. 
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USE OF PTERIN DERIVATIVES 

This is a divisional of co-pending application Sen No. 
01S,789 filed on Feb. 20, 1987 which is a continuation of 
application Ser. No. 775,162 filed Sept. 12, 1985 (now 
abandoned), which in turn is a continuation of applica- 
tion Ser, No. 471.287 filed Mar. 2, 1983 (now aban- 
doned). 

It was known that L-erytho-5,6,7,8-tetrahydrobiopt- 
erin is the natural cofactor of phenylalanine 4-hydroxy- 
lase (EC 1.14.16,1), tyrosine 3-hydroxylase (EC 
1.14.16.2) and tryptophane 5-hydroxylase (EC 
1.14.16.4) [Massey V., Hemmerich P. in The Enzymes 
(Editor: Boyer PD), 3rd edition, volume 12, pages 
191--252, Academic Press. Inc., New York 1975]. The 
latter two are the key enzymes for the biosynthesis of 
the neuro transmitters dopamine and serotonin. 

It has now been found, surprisingly, that L-erythro- 
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sponded positively to individual antidepressant medica- 
ments, as is shown in wide clinical experience. As usual, 
the action had its onset in the period from one to three 
weeks. After discontinuation of this medication, the old 
condition recurred. In contrast to conventional antide- 
pressant treatment, when BH4 was then administered in 
the manner described above, a prompt improvement in 
the clinical state occurred within a few hours (4-5 
hours). 

No side effects were observed. The side effects which 
are customarily observed on initial administration of 
antidepressants and neuroleptics (of an autonomic and 
extrapyramidal nature) never occurred. Af^er discontin- 
uation of BH4» the old clinical state recurred within 12 
to 16 hours. 

CASE DESCRIPTIONS 



In the first place, the symptoms of endogenous de- 
5,6,7,8-tetrahydrobiopterin (abbreviated to BH4 in the 20 pression of the inhibited depression type will be de* 
following text), sepiapterin, r^'-diacetyl-5,6,7,8-tet- scribed: 



rahydrobiopterin and 6-methyl-5,6,7,8-tetrahydrobiopt- 
erin.are effective for treating patients with Parkinson's 
Disease and patients with depression. 
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H 

l',2'''I>ucetyl-S,6.7,8-tetrahydrobiopterin 



HN 



HN 



CHj 



6-Mcthyl-5.6.7U^tetrehydro|iteriB 



Lack of motivation (lack of initiative to carry out 
mental tasks and motor actions with slowing down of 
movement and thought processes) 
23 2. Lack of concentration 

3. Affective apathy (inactivity, inability to feel grief) 

4. Feelings of insufficiency, particularly in the morning 

5. Severe loss of weight 

6. Insonmia. 

30 (1) Man aged 29 with endogenous depression (familial 
affliction), above symptoms 1 to 6 very pronounced, 
very severe loss of weight; a number of depressive pha- 
ses which were not treated. Dissociative lapses and 
increased risk of suicide during the duration of the dis- 
35 ease. Administration of BH4 without previous antide- 
pressant treatment; symptoms 1, 2 and 3 were virtually 
abolished or no longer detectable 4-5 hotus later. No 
statement can be made about symptoms 4, 5 and 6, since 
tbdr disappearance would only have been observed 
40 after a longer time. 

(2) Man aged 43 with endogenous depre^on, mother 
a chronic depressive, symptoms as described in (1), also 
feelings of guilt Hospitalized for 10 years and treated 
with antidepressants, but with inadequate success. 
Prompt improvement in the state in the form mentioned 
after administration of BH4. 

The patients with Parkinson's disease who were in- 
vestigated had previously been treated with Lnlopa and 
bromocriptine mesilate O^arlodet, Pravidel) and partial 
compensation of the clinical picture had been achieved. 
The onset of action with this treatment was observed 
after about 6 days. Using BH4, not only was the onset of 
action considerably more rapid but almost complete 
compensation of the existing complaints was achieved. 



45 



50 



55 



All patients with depression had previously been 
treated with commerically available antidepressants 
and, in some cases, also with various neuroleptic agents. 
Some of the patients had not responded to the medica- 60 
ments administered; the clinical picture had remained 
unchanged. After oral administration of one gram of 
BH4 (stabilized against oxidation by the addition of 100 
mg of ascorbic acid) in orange juice, a prompt improve- 
ment in the clinical picture of severe depression oc- 65 
curred after about 4-5 hours. 

Others of the patients had likewise previously been 
treated with antidepressants. These patients had re- 



CASE DESCRIPTIONS 

The three symptoms characteristic of Parkinson's 
disease are akinesia (slow and incomplete movements 
which give rise to the impression of a decreased motor 
initiative), tremor (which becomes less intense on 
movement or maintaining a position and more intense 
with emotional excitement) and depression (in the form 
of affective instability). 

(1) Woman aged 72 with idopathic Parkinsonism 
(familial affliction) had the symptoms mentioned. The 
three groups of symptoms had virtuaUy disappeared 
about 4-5 hours after oral administration of BH4, and 



4,774,244 



this is a result which had not been observed even after 
treatment with L^opa. 

(2) The same coune was observed after treatment 
with BH4 of a man aged 62 with idiopathic Parkinson- 
ism. 5 

The action was also demonstrated biochemically. For 
example, the concentrations of biopterin, dopamine and 
serotinin which are shown in Table 1 were found in the 
urine of two patients with an evident endogenous de- 
pression after administration of 1 g of tetrahydrobiop- 10 
terin.2HG(BH4) or 0.9 g of diacetyltetrahydrobtop- 
terin.2HCl. 

TABLE 1 

Biopterin. dopamine and serotonin in the urine of a 
patient with inhibited depression after oral administn* 
tion of tetrahydrobiopterin or diacetyltetrahydrobio- 
pterin respectively* 



normal range and that they increased under treatment 
with tetrahydrobiopterin or diacetyltetrahydrobiopt* 
erin. This was paralleled by the clinical improvement 
observed. 

Treatment of patients with Parkinson's disease or 
with depression can start with an initial dose of the 
order of 1 g/day (about 15 mgAg of body weight) and 
be continued, for example, with a dose of SCO mg (about 
7.5 mg/kg) on the second day and of 200 mg/day (about 
3 mgAg) from the third day. 

What is claimed is: 

1. A method for the therapeutic treatment of patients 
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a36 
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30 


0.90 


78 


24 
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1.36 


208 


42 


0.77 


180 


34 


4 


6.71 


220 


60 


1.13 


200 


57 


8-10 


6.04 


220 


40 








12 


0.91 


210 


34 


0.82 


98 


61 


Nonnal 
range . 


0L31-1.Q9 


70-170 


22-60 


0.31-1.09 


70-170 


22-60 



The increase in the biopterin concentration in the 
urine shows that the administered tetrahydrobiopterin 
is at least partially absorbed and that the ester groups in 
the diacetate can be endogenously hydrolyzed. It is seen 
from the table that the mitial figures for the two neuro- 3^ 
transmitters were sometimes in the lower part of the . 



with depression which comprises orally administering 
to the said patients an effective amount of L-erythro- 
5,6,7,8-tetrahydrobiopterin, L-sepiapterin, I'^'-diacet- 
yl-S,6,7,8-tetrahydrobiopterTn or 6-methyl-5,6,7|8-tet- 
rahydrobiopterin. 
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ABSTRACT - Two patients with Parkinson's disease were treated with 1 g 
tetrahydrobiopterin (BHJ for 5 days. Clinical improvement was not observed. In the 
cerebrospinal fluid (CSF) a 4-8 fold increase in the concentration of homovanillic 
acid (HVA), and a 3-fold increase in the concentration of 3-hydroxyindole acetic 
acid (5-HIAA) was measured/ However, the concentration of HVA reached, was 
only approximately half as high, as that of patients treated with madopar (DOPA + 
benserazid). In unnc, the excretion of HVA increased 13-37 fold, when the patients 
were treated with madopar, whereas no increase in the HVA excretion was measured 
after the BH4 administration. Additionally, 2 patients with Parkinson's disease were 
treated with 1 g BH4 in combination with 15 g tyrosine for 3 days, and 1 parkinso- 
nian patient was treated with 15 g tyrosine daily for 7 weeks. No increase in the CSF 
concentrations of HVA or 5-HIAA was observed. The results suggest, the BH4 in the 
dosage used, is not effective in the treatment of Parkinson's disease. 
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Tetrahydrobiopterin (BH4) is the natural co-fac- 
tor of 3 important amino acid hydroxylases: 
tyrosine hydroxylase (EC 1.14.16.2), the rate- 
limiting enzyme in the biosynthesis of dopamine 
from tyrosine (1), tryptophan hydroxylase (EC 
1.14.16.4), the ratelimiting enzyme in the bio- 
synthesis of serotonin from tryptophan (2), and 
phenylalanine hydroxylase (EC 1.14.16.1), the 
enzyme catalyzing the conversion of phenyl- 
alanine to tyrosine (3). Phenylalanine hydrox- 
ylase is the deHcient enzyme in phenylketonuria. 

BH4-deficiency can be caused by deficient 
activity of dihydropteridine reductase (DHPR) 
(EC 1.6.99.7) (4), the enzyme catalyzing the 
regeneration of BH4, or by a defect in one of at 
least 3 enzymes essential for its biosynthesis (Fig. 
1) (5, 6). BH4-deficiency is a rare condition with 
an estimated incidence of 1 <7o in newborns with 
hyperphenylalaninaemia (7). Because patients 



with BH4-deficiency in addition to an impaired 
ability to convert phenylalanine, suffer from 
defects in the biosynthesis of the neurotransmit- 
ters dopamine, serotonin, norepinephrine, and 
epinephrine (8, 9), a low phenylalanine diet is not 
sufficient to prevent the development of severe 
neurological dysfunction and mental retardation 
in these patients. Treatment has to be supple- 
mented with the amine precursors L-dopa and 
5-hydroxytryptophan in combination with an 
inhibitor of peripheral aromatic amino acid 
decarboxylation or, the administration of a syn- 
thetic BH4-derivative, to patients on a normal 
phenylalanine unrestricted diet (10, 11). 

In Parkinson's disease the main characteristic 
biochemical change in the post-mortem brain is a 
greatly reduced concentration of dopamine in the 
basal ganglia and the substantia nigra (12, 13, 
15). But in addition, the concentration of dopa- 
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Fig. J. A simplified iHustralion of the metabolism of 
BH4. GTP: Guanosine triphosphate. 1: GTP- 
cydohydrolase I. 2: Dlhydropteridine reductase 
(DHPR). 3: Tyrosine hydroxylase. 4: Tryptophan 
hydroxylase. 5; Phenylalanine hydroxylase. 

mine, serotonin, and norepinephrine is reduced, 
though to a lesser extend, in almost all investiga- 
ted parts of the brain (13, 14, 15). Reduced 
concentrations of dopamine and serotonin in the 
brain is reflected by reduced concentrations of 
the metabolites homovanillic acid (HVA) and 
5-hydroxyindole acetic acid (5-HIAA) in the cer- 
ebrospinal fluid (CSF) (16, 17, 18). 



Administration of L-dopa to patients with 
Parkinson's disease causes improvement in most, 
presumable by increasing the concentration of 
dopamine in the brain (15, 19). When BH< 
became available for the treatment of BH4-defi- 
ciency, it was soon after considered, whether 
BH4 could likewise be an alternative drug in the 
treatment of Parkinson's disease. 

Furthermore, the BH4 co-factor seems some- 
how to be involved in the pathology of Parkin- 
son's disease. Thus, the concentration of BH^ is 
reduced in the CSF of patients with Parkinson's 
disease (20), and the total concentration, of biop- 
terin, a metabolite of BH4 (Fig. 1), is reduced in 
the post-mortem caudate nucleus (21). 

In addition, the potent neurotoxin 1-methyl- 
4-phenyl-l, 2, 3, 6'tetrahydropyridine (MPTP), 
which has been suggested as a possible etiologic 
agent in Parkinson's disease, because it induces a 
very similar clinical and neuropathological con- 
dition in humans, monkeys and some laboratory 
animals, has been found to be an inhibitor of 
DHPR (Fig. 1) (22). 

The purpose of this study was to examine the 
clinical effect of BH4 in Parkinson's disease, and 
to measure the concomitant biochemical changes 
in CSF, plasma, and urine. 

The clinical and the biochemical changes pro- 
duced by the administration of BH4 in combina- 
tion with the dopamine precursor tyrosine, and 
by tyrosine alone, were also investigated. 




Table I 

CSF-coDcenuations of neurotransmitter metabolites, pteridines and. amino adds in Parkinsonian patients before and during 
treatment with BH4 
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BH4 + tyrosine 


60.6 


47.1 


11.3 
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2.7 
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(5.9-10.4) 






dopa to patients with, 
s improvement in most, 
g the concentration of: 

(15, 19). When BH, 

treatment of BH^-^efu- 
;t considered, whether 

alternative drug in the i 

disease. 

co-factor seems some- 
e pathology of Parkin- ; 
:oncentration of BH^ is 
.tients with Parkinson's 
. concentration of biop- 
4 (Fig. 1), is reduced in 

nucleus (21). 
t neurotoxin 1-methyl- 
lydropyridine (MPTP), ] 

as a possible etiologlc 
^e, because it induces a 
neuropathological con- 
/s and some laboratory 

to be an inhibitor of 

dy was to examine the 
arkinson's disease, and 
nt biochemical changes 
te. 

)chemical changes pro- 
Dn of BH4 in combina* 
trecursor tyrosine, and 
Iso investigated. 



patients before and during 



m 



phan 


Phenylalanine 


1/1 


umol/1 


1 


10.1 


\ 


8.6 


I 


9.9 


9 


12.9 


; 


9.7 


\ 


12.4 




13.6 




16.4 




14.0 




15.6 




8.1 


:.8) 


(5.9-10.4) 



BH4 Al 



KINSON'S DISEASE 495 



ji/iaterial and methods 

BH4 (6R, S)-5, 6, 7, 8-tetrahydro-L-biopterin 

dihydrochloride was obtained from Dr. B. 
Schirks Laboratories, Switzerland. Tyrosine was 
obtained from Jensen Clinical Nutrition Service, 
Denmark. Permission to carry out the study was 
obtained from the Municipal Committee of 
Ethics, and informed consent was obtained from 
(he patients. 

Patients L A 46-year-oId Caucasian man who 
had had Parkinson's disease for 14 years. He was 
treated with the usual anti-Parkinson drugs, but 
his condition remained very unstable with many 
on/off periods, and violent hyperkinesia daily 
(Hoehn & Yahr scale = 3-4). 

Patient 2, A 43-year-old Caucasian man with 
Parkinson's disease of 5 years duration. Treat- 
ment with classical anti-Parkinson drugs pro- 
duced a good response. No hyperkinesia and no 
on/off phenomena. (Hoehn & Yahr scale = 2). 

Patient i. A 40-year-old man not previously 
treated for Parkinson's disease. For 12 months 
he had experienced gradually progressing gait 
difficulty and problems in changing position in 
bed. He presented with ifght to moderate univer- 
sal oligokinesia, rigidity and slight resting tremor 
of the hands. 

Normal controls. Ten otherwise healthy patients 
with lower back pain served as controls for the 
CSF values, as they were having a diagnostic 



myelography. Exclusive criteria were a total pro- 
tein concentration in the CSF beyond the normal 
range. The median age of the control group was 
46 years, the range 22-64 years. The median age 
of the Parkinsonian group was 43 years, the 
range 40-46 years. 

Treatment, Patients 1 and 2 received treatment 
with BH4 alone. They were admitted to hospital 
and received usual anti -Parkinson medication 
(DOPA + benserazid) for 3 days, no medication 
for 5 days, and BH4 for 5 days. The treatment 
was performed as an open study. 

Additionally, Patients 2 and 3 received treat- 
ment with BH4 in combination with tyrosine. 
Again, the patients were admitted to hospital. 
Patient 2 received usual anti-Parkinson medica- 
tion for 3 days, no medication for 3 days, and 
BH4 in combination with tyrosine for 3 days. 
Patient 3, who had not previously been treated, 
received no medication for 3 days and BH4 in 
combination with tyrosine for 3 days, and, 
finally, tyrosine alone for 7 weeks. 

BH4 was administered to the patient at 08.00, 
before breakfast, in a 100 ml clear solution of 1 g 
BH4, 1 g ascorbic acid, and 1 g sugar. Tyrosine 
was administered to the patients 3 times a day, at 
meals, as 10 tablets, each containing 0.5 g 
tyrosine. 

Clinical examinations. During the experimental 
periods, the patients were examined using the 
Webster rating scale 3 times a day (8 a.m., 10.30 
a.m., and 6 p.m.). 



Table 2 

Urine concent rations of neurotransmiUer nictaboliies and pteridincs in Parkinsonian patients while treated with Madopar and 
before and during treatment with BH4 
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CSF samples. Lumbar puncture were standard- 
ized with the patients in bed overnight, and until 
10.30 a.m., when the punctures were taken. The 
CSF was collected in 5 fractions of 1 ml, imme- 
diately frozen, and stored at -SO^'C until ana- 
lyzed by HPLC, The concentrations of HVA, 
5-HIAA, biopterin, and neopterin was deter- 
mined by use of electrochemical detection (23, 
24), those of tyrosine, uyptophan, and phe- 
nylalanine, by use of fluorometric detection (24) 
(coefficient of variation better than ±5*5^0). The 
mean of the 5 fractions were calculated. The 
lumbar punctures were done on the last day of 
each period of no-treatment, after 5 days of 
treatment with BH^ alone, after 3 days of treat- 
ment with BH4 in combination with tyrosine, and 
after 7 weeks of treatment with tyrosine alone. 
For comparison. Patient 1 had a lumbar punc- 
ture, while being treated with Madopar, in a dose 
sufficient to cause optimal relief of the Parkinso- 
nian symptoms (600 mg DOPA). 

Blood samples. Venous blood was drawn on the 
last day of each treatment period. When BH^ was 
administered alone, blood samples were obtained 
3 times daily, at 8 a.m., 10.30 a.m., and 1.00 
p.m. When BH4 was administered in combina- 
tion with tyrosine, and when tyrosine was admin- 
istered alone, blood sampled were obtained at 
10.30 a.m. The blood was immediately 
heparinized, frozen, and stored at -20°C, until 
analyzed by the HPLC for its concentration of 
tyrosine, tryptophan, and phenylalanine (24). 

Urine samples. The urine was collected over 24 h 
on the same days as the blood samples were 
taken. The urine was immediately stored at 
-20*'C in a solution of 10 ml 1 N HCl and 0.1 g 
cystin pr. 2 h sample period until analyzed by the 
HPLC for its concentrations of HVA, 5-HlAA, 
biopterin, and neopterin (23, 24). 

Results 

The Webster scores for Patients 1 and 2 were 
ahnost constant during the first 3 days of normal 
treatment. During the following 5 days without 
treatment, the Webster score increased con- 
stantly, and during the 5 days of BH4 treatment 
there was no change in Webster score. Clinically, 



Patient 1 felt that his state was unchanged. 
Patient 2 felt that he improved a little bit. 

Patient 2 reacted similarly during the experi* 
ment with BH4 in combination with tyrosine: 
there was no improvement in the treatment pha- 
se, the Webster scores were unchanged. 

Patient 3 experienced a subjective im- 
provement on BH4 in combination with tyrosine, 
but the Webster score did not confirm this. 
Tyrosine alone, had no effect. . 

Compared with normal controls, the patients 
with Parkinson's disease had, when untreated, 
reduced concentrations ^f HVA aiid 5-HlAA in 
the CSF. The concentration of biopterin was 
reduced in the CSF of Patients 1 and 2. The 
concentration of phenylalanine tended to be 
increased, whereas the concentrations of neo- 
pterin, tyrosine, and uyptophan were within the 
normal range (Table 1). 

Administration of BH4 produced a 4 to 8-foId 
increase in the CSF concentration of HVA and a 
3-foId increase in the CSF concentration of 
5-HIAA. The concentration of biopterin increas- 
ed approximately 2-fGld. There was a slight 
increase in the CSF concentration of neopterin 
and a slight decrease in the CSF concentration of 
the amino acids tyrosine, tryptophan, and phe- 
nylalanine (Table 1). 

When BH4 was administered in combination 
with tyrosine an approximately 2-fold increase in 
the CSF concentrations of biopterin and tyrosine 
was found, but this was not followed by changes 
in the CSF concentration of HVA and 5-HIAA 
(Table 1). 

Administration of tyrosine alone produced a 
2-fold increase in the CSF concentration of 
tyrosine, but no changes in the CSF concentra- 
tions of biopterin, HVA or S-HIAA (Table 1). 

Treatment with Madopar produced a 6-fold 
increase in the CSF concentration of HVA (Tab- 
le 1). 

The plasma concentrations of tyrosine, tryp- 
tophan and phenylalanine varied greatly during 
the day. No changes were observed with BH4. 
Administration of tyrosine alone, or in combina- 
tion with BH4, produced an approximately 2-fold 
increase in the concentration of tyrosine. 

BH4 alone, or in combination with tyrosine 
produced a 8 to 11 -fold increase in the concen- 
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tration of biopterin in urine, but this was not 
followed by increases in the concentrations of 
neopterin, HVA, or 5-HIAA (Table 2). 

No changes were found in the concentration in 
urine of any of the measured parameters after 
the administration of tyrosine alone. 



Discussion 

The effects of BH4 on Parkinson's disease has 
been studied, but with conflicting results, and 
because BH^ is expensive, the number of patients 
has been small. 

Thus, clinical improvement was found in 5 
patients, with a single dose of 300-600 mg BH4 

(25) and in 2 others with a single dose of 1 g BH4 

(26) , whereas no clinical improvement was found 
in 4 previously untreated patients, who received 
200 mg BH4 daily for 3 days (27). 

When BH4 was administered intravenously, no 
clinical improvement was found in 2 Parkinson's 
patients, who received between 2.5 and 10 mg 
BH4 per kg body weight (28), whereas clinical 
improvement was found in 3 with foot*dystonia, 
otherwise responsive to L-dopa treatment, who 
received between 1 .5 and 5 mg BH4 per kg body 
weight (29). 

The present study investigated the effect of 1 g 
BH4 in only 2 patients, because no clinical 
improvement was found. It was however shown, 
that the administration of BH4 produced a sub* 
stantial increase in the concentration of HVA 
(4-8 times) and 5-HIAA (3 times) in the <:SF. 
Since the concentration of HVA in the CSF of 
Patient 1 was nearly twice as high when the 
patient was treated with Madopar, compared 
with BH4, it may be that the dosage of BH4 was 
too small. 

That the administered BH4 was crossing the 
blood-brain barrier was indicated by the 2-fold 
increase in the CSF concentration of biopterin, 
as well as by the increase in the CSF concentra- 
tions of HVA and 5-HlAA. 

The slight increase in the CSF concentration of 
neopterin after BH4 administration may have 
been due to a slight feed-back inhibition of the 
natural biosynthesis of BH4 and the slight 
decrease in the CSF concentration of tyrosine. 



tryptophan and phenylalanine, to a sligthly 
increased metabolism of these amino acids. 

Untreated patients with phenylketonuria have 
reduced concentrations of HVA in CSF (30), 
Administration of tyrosine to these patients pro- 
duces an increase in the concentration of HVA in 
the CSF (31), and administration of tyrosine to 
rats produces an increase in the concentration of 
dopamine in the brain (32). In order to try to 
produce a further increase in the endogenous 
production of dopamine, without increasing the 
dosage of BH4, 1 g BH4 was, in an additional 
part of this study, administered in combination 
with 15 g tyrosine, to 2 patients with Parkinson's 
disease. Surprisingly, even though a 2-fold 
increase in the CSF concentration of biopterin 
was still found, no increase in the CSF concen- 
trations of HVA and 5-HIAA was now observed. 
It is however known, that tyrosine is an inhibitor 
of tyrosine hydroxylase (1), and that the activity 
of tyrosine hydroxylase is reduced in Parkinson's 
disease (33, 34). The observed events in the CSF 
may, thus, indicate that the reduced amount of 
tyrosine hydroxylase in Parkinson's disease is 
already saturated with its substrate. This would 
also explain why no major increase in the CSF 
concentration of HVA was found after the 
administration of tyrosine alone. 

Compared with controls, the patients with Par* 
kinson's disease had, in accordance with earlier 
fmdings, reduced concentrations of HVA and 
5-HIAA in the CSF (16). The CSF concentration 
of biopterin was below the normal range in the 2 
moderate cases of Parkinson's disease, but normal 
in the mild and newly diagnosed case. A reduced 
concentration of biopterin in the CSF probably 
does reflect a reduced concentration of the BH4 co- 
factor. Since a reduced concentration of BH4, 
apart from a reduced biosynthesis of dopamine 
and serotonin, expectedly would produce an 
increased concentration of phenylalanine, it is 
noteworthy, that 2 of the patients did indeed have 
increased concentrations of phenylalanine in the 
CSF. However, because this material is very small, 
further studies will be needed to illuminate, 
whether these results are reproducible. 

It has previously been described, that the 
activity of GTP-cyclohydrolase 1 (EC 5.5.4.16), 
is greatly reduced in the Parkinsonian post- 
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mortem caudate nucleus (35). Reduced activity 
of GTP-cyclohydrolase I, would expectedly pro- 
duce a reduced concentration of neopterin in the 
CSF (Fig. 1). Because the Parkinsonian patients 
of this study all had a CSF concentration of 
neopterin . within the normal range, we do not 
however, suspect greatly reduced activity of 
GTP-cyclohydrolase I. 

No side-effects after BH^ administration have 
yet been described. The side-effects observed, 
when patients with Parkinson's disease are treat- 
ed with L-dopa, even in combination with an 
inhibitor of peripheral aromatic amino acid 
decarboxylation, are apparently solely due to 
increased concentrations of peripheral dopamine 
(15). Even though BH4 produced a 4 to 8-fold 
increase in the CSF concentration of HVA, no 
increase in the concentration of HVA in the 
urine was observed. However, treatment with 
Madopar produced a 13 to 37-fold increase in the 
urinary excretion of HVA. These observations 
may be regarded as promising. Thus, if ch'nical 
improvement in Parkinson's disease can be pro- 
"duced"by treatmentrwithzBH7:in7.higher:dosages— 
fewer side-effects than with conventional treat- 
ment with Madopar may be expected. 

Whereas L-dopa treatment of Parkinson's 
disease is known to cause improvement of prin- 
cipally akinesia and to a lesser extent of rigidity 
and tremor, no improvement is to be expected 
in such symptoms of autonomic dysfunction as 
abnormal heat-regulation, acute sweating at- 
tacks, constipation, and oedema in the legs. 
These symptoms may be improved by treatment 
with the serotonin precursors L-tryptophan or 
5-hydroxytryptophan (15). Furthermore, the 
depression often following Parkinson's disease 
has been shown to correlate better with altera- 
tions in serotonin metabolites in the CSF than 
with other neurotransmitters, including dopa- 
mine and norepinephrine metabolites (36). 

BH4-administration to patients with Parkin- 
son's disease was in this study shown to pro- 
duce an increase in the CSF concentration of 
the serotonin metabolite 5-HlAA. It is thus 
possible, that further studies may prove BH4 to 
be a drug, with a wider range of effects in 
Parkinson's disease, than any other drug has 
yet offered. 
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SUMMARY 

This introductory article proposes a concept ua! framework in which to consider the information that is 
emerging about the proteins called molecular chaperones, and suggests some definitions that may be 
useful in this new field of biochemistry. Molecular chaperones arc currently defined in functional terms 
as a class of unrelated families of protein that assist the correct non-covalcnt assembly of other 
polypeptide-containing structures in but which are not component of these assembled structures 
when they are performing their normal biological functions. The term assembly in this definition 
embraces not only the folding of newly syruhesized polypeptides and any association into oligomers that 
may ovcxxr, but also includes any changes in the degree of cither folding or association thai may take 
place when proteins carry out their functions, arc transported across membranes, or arc repaired or 
destroyer! after sti-rsscs such as heat shock. Known molecular chaperones do not convey steric 
information essential for correct assembly, but apjjcar to act by binding to interactive protein surfaces 
that arc transiently exposed during various cellular processes; this binding inhibits incorrect interactions 
that may otherwise produce non-functional structures. Thus the concept of molecular chaperones docs 
not contradict the principle of protein self-assembly, but qualifies it by suggesting that in vivo self- 
assembly requires assistance by other protehi molecules. 



1. HISTORY OF THE MOLECULAR 
CHAPERONE CONCEPT 

The lenn "molecular chaperonc' was used first to 
describe the properties of a nuclear protein, nucleo- 
plasmin, in mediating the in vitro assembly of nudeo- 
somes from isolated histones a^id DNA (Laskey et al, 
1978). This term was chosen because nuclcoplasmin 
mediates mideosbme assembly by preventing incor- 
rect intei-actions between histones and DNA, without 
cither providing steric information essential for assem- 
bly or hcing a component of the "assembled nudco- 
- somes themselves. In these respects, nucleoplasmin b a 
molecular analogue of the human chaperonc; whose 
traditional role is to prevent incorrect interactions 
between pairs of human beings, without either provid- 
ing the steric information necessary for dieir correct 
interaction or being present during their married life. 

The author came acrass this term while searching 
for a precedent for the observation that the assembly 
of the enzyme rubisco (ribulose bisphosphale carboxy- 
lase-oxygenase) in chloroplasts isolated fi-om higher 
plants also seems to require the transient assistance of 
another protein that is not a component of the 
assembled enz.yme. The es.sential finding is that 
rubisco lai^e subunits, newly synthesized by isolated 
intact chloroplasts, are bound non-covalently to 
another abundant protein before transfer to the 
holoenzymc; it was proposed that this binding might 
Ixt <m obligatory step in rubisco assembly (Barra- 
dough & Ellis 1900). This interpretation did not meet 
with much enthusiasm at the time because of the 
general acceptance of the notion of protein self- 
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assembly, which proposes that both the folding and 
association of polypeptides is a spontaneous process 
requiring no molecules other than the components of 
the assembled protein (Ciispar & Klug, 1962; Anfin- 
sen 1973). 

The suggestion that the rubisco large subunit- 
binding protein could be regattled as a sef:ond 
example of a molecular chaperonc was made at a 
Royal Sodcty Discussion Meeting on rubisco (Mus- 
grove & Ellis 1986). At this time it was felt diat 
histones-DNA and rubisco subunits might be special 
, cases, as the tendency of both to form non-spedfic 
aggregates in vitro is so great. However, a speculative 
paper by Pelham (1986) suggested tliat the need for a 
molecular chaperonc function may be more wide- 
spread. Although he did not use the term ^molecular 
chaperonc*, Pelham proposed that members of the 
heal shock protein 70 (hsp 70) family in animal and 
microbial cells arc involved in the assembly and 
disassembly of proteins in the nucleus, cytosol and 
endoplasmic redculum. Some members of the hsp 70 
family are present in unstressed cells, and can bind to 
denatured or abnormal protdns in a manner re- 
versible by adenosine triphosphate (ATP). Pelham 
suggested that these proteins have a role in normal 
protein folding and association in unstressed cells, and 
are required in increa.sed amounts when proteins have 
been damaged by stress, both to unscramble protein 
aggregates which could then refold correcdy, and to 
prevent further damage by binding to exposed hydro- 
phobic surfaces. This seminal paper emboldened the 
author to propose that all cdls contain n variety of 
proteins that act as molecular chaperones in a number 
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of basic cellular processes, such proteins including 
among others nucleoplasmin, the rubisco large 5ub- 
unii-binding protein and the hsp 70 family (Ellw 

1987) . This more general proposal has since been 
sleadily extended to a growing range of proteins and 
cellular processes (Ellis & Hemmingsen 1989; Ellis el 
al. 1989; Rothman 1989; Ellis 1990a,^; Ellis & van der 
Vies 1991; Geihing & Sambrook 1992; Lorimcr 1992; 
Hartl el d. 1992). 

One particular family of molecular chaperones are 
termed the chaperoniiis after the discover)' that the 
mbisco large subunit-bjnding protein of chloroplastsis 
about 50% identical in aminoacyl sequence to the 
groEL protein of Escherichia coli (Hemmingsen et ai. 

1988) . The chapemnins are now regarded as just one 
family within the wider class of molecular chaperones. 
The specific function of this particular family is to 
assist the folding of polypeptides in all t>'pcs of cell; 
this femiiy should not be confused with other families 
of molecular chaperone such as ihe one containing 
heat shock 70 proteins, which have different functions 
and aminacyl sequences to the chapcronins. More 
recent information about some of the different types of 
molecular chaperone is contained in the following 
arnclcs in this symposium, whereas this article dis- 
cusses the general concept. 

2. THE MOLECULAR CHAPERONE CONCEPT 
TODAY 

The discovery of molecular chaperones is stimulating 
a re-examination of a biological process that was 
thought to be understood: protein assembly. The 
conventional xdew of protein assembly, as found in 
textbooks, is that it is predominantly a process of sdi- 
assembly. According to this view, all the information 
required to specify ihe-st?*ucture and function of a 
protein resides within the aminoacyl sequences of the 
polypeptides comprising that protein. Interpreted 
strictly, this view implies that a newly synthesized 
polypeptide should be able to attain its funcuonal 
conformation within the intracellular environment 
with no assistance from other molecules and with no 
further .expenditure of energy. This conformation 
odtn produces the ability to associate specifically with 
other macromolecules, especially other proteins or 
nucleic acids. Tliis self-assembly principle stems from 
the classic obsci'vations of Fraenkel-Conrai & Wil- 
liams (1955), who were able to reassemble infectious 
tobacco mosaic virus by incubating together the 
separated purified virion components, and by Anson 
(1945) and Anfinsen (1973), who found that some 
purified denatured proteins regain their characteristic 
biological activities on removal of the denaturing 
agent in the absence of other macromolecules. 
Although it was speculated that other molecules may 
assist protein folding in vivo (Epstein et ai, 1963), 
subsequent generations of researchers studying protein 
renaturation in vitro did not pursue thb possibility 
until the chaperonin family of molecular chaperones 
was identified by Hemmingsen et al, (1988). 

Creighion (1984) has pointed out that all the 
evidence for self-assembly comes from in vilro experi- 



ments, and the fact that in many cases the dcnatur- 
ation of protcias h not fully reversible in vitro, 
especially at physiological temperatures and at protein 
concentrations approaching those found in vivo, has 
not until recently raised serious doubt about the 
validity of the .self-assembly principle to describe the in 
int'o situation. The molecular chaperone concept chal- 
lenges the conventional view by pro[xising that sclf- 
asscmbly is not the predominant process by which 
proteins assemble in vivo. This proposal is supported by 
the growing number of instances where proteins will 
not assemble correctly at tlie rates and yields required 
in vivo unless other pre-existing proteins arc present to 
assist them. It is this latter group of proteins that are 
called molecular chaperones. 

(a) Definition of the term *moiecuiar chaperone* 

Molecular chaperones arc defined as a functional 
class of unrelated families of protein that assist the 
correct non-covalent assembly of other polypeptide- 
containing structures in viuo, but are not components 
of these assembled structures when they are perform- 
ing their normal biological functions. 

The words used in this definition have been chosen 
with some care so as not to conflict with future likely 
discoveries about molecular chaperones or to overlap 
with existing terms. The definition is based on the 
function of each molecular chaperone and not on its 
structure, but it contains no constraints as to the 
mechanism of that function, hence the use of the 
imprecise word *assist'. Tlius diflerenl molecular 
chaperones may act in cither a catalytic or a non- 
catalytic manner, may either accelerate or slow down 
assembly processes, and may either convey steric 
information essential for assembly or simply inhibit 
incorrect side-reactions during self-assembly. 

All the molecular chaperones studied to date 
appear to act not by providing steric information 
essential for assembly but by inhibiting' incorrect 
interactions which produce non-functional structures 
during self-assembly processes. However, the above 
definition allows for other mechanisms of acdon that 
may be discovered; the ^ro-sequences of subtilLsin and 
a-lytic protease act as molecular chaperones (Silen & 
Agard 1989) and it is possible, but not established, 
that they convey steric information essential for the 
folding of the mature proteases. Tlius, by the defini- 
tion suggested above, only two criteria must be met 
lor a protein to be described as a molecular chaper- 
one: it must in some sense be required for the correct 
assembly of other protein-containing structures in vivo 
(the mechanism by which it does this being irrele- 
vant), and it must not be a component, of the 
functional assembled structures. 

The term *non-covalent' used in the definitioa of 
tnolecular chaperones is intended to exclude those 
proteins which perform covalent fxwt-translational 
modifications to some proteins. Such proteias are 
often important for protein assembly but are not the 
molecules under consideration here. Thus, by this 
definition, protein disulphide isomerase is not a mole- 
cular chaperone. 
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The definition of molecular oliaperonc proposed 
above docs not require that the molecule possessing 
the chaperone activity is nece-ssarily synthesized as a 
separate entity from its target polypeptide-containiiig 
structures, only that it is not a component of these 
structures when they are performing their biological 
fimctions. Thus coiranslational (or intramolecular) 
molecular chaperones, as represented by rhe //re- 
sequences of some proteases and the ubiquitin talis 'of 
some ribosomal precursor proteins (see Ellis & van der 
Vies 1991), are not excluded by this definition. 

(6) Definition of the term 'protein assembly' 

The term 'protein assembly' is used in ihc context of 
molecular chaperones in a broad sense; it embraces 
not only the folding of newly synihe^jized polypeptide 
chains and any association into oligomers that may 
occur, but also any changes in the degree of either 
folding or association thai may take place as proteins 
perform their normal functions, are transported across 
membranes, or are repaired or destroyed after damage 
by stress. 

It is important to appreciate this broad use of the 
term, because some authors use ^protein assembly* in a 
much more limited sense, to mean just the association 
of monomers into oligomers. Thb broad use of the 
term *proiein assembly' covers the obser\'a(ion that 
molecular chaperones function not only during several 
cellular processes under normal conditions, but also to 
limit damage to proteins caused by stresses such as 
heat shock. In other words, at least some heat shock 
proteins function as molecular chaperones, but not all 
molecular chaperones arc heat shock proteins. It is 
possible to view the stress response as an amplification 
of a pre-existing molecular chaperone function which 
all cells require under normal growth conditions, 
rather thdn as a novel function induced by stress. 

3. WHY DO MOLECULAR CHAPERONES 
EXIST? 

As the principle of protein self-assembly is well 
supported by in vitro studies of many pi*oteins, it is 
important to ask why this principle should apparently 
be insufficient in the more complex cellular context, A 
possible explanation stems from the observation that 
several fundamental . cellular processes involve the 
transient exposure of interactive protein surfaces to 
the intracellular environment, and thereby run the 
risk that these suifaces may interact incorrectly. 

The term 'interactive surfaces' refers to any regions 
of inter- or intra-molccular contact which arc impor- 
tant in . maintaining protein-containing structures in 
their biologically active forms. Such surfaces may be 
cither charged or hydrophobic regions, for example, 
and they may occur on either partly folded or fully 
folded polypeptides. Cellular processes involving the 
transient ex)x>sure of such surfaces include protein 
synthejiis, protein transport, protein turnover, the 
disassembly of oligomere (e.g. DNA replication and 
clathrin cage recycling), the assembly of oligomers 



inside organelles from monomers cither imported or 
made in organellu, and protein damage due to environ- 
mental stress. As an example, let us consider protein 
synthesis. This vectorial process producers the amino- 
terminal region of each polypeptide before the car- 
boxy terminal region. Suppose that the normal fate of 
the aminoterminal region is to interact with the 
carboxy terminal region in maintaining the functional 
structure; this is the case, for example, in cytochrome 
€. We can ask what happens to. the aminoterminal 
region before the carboxytcrmina] region is made. 
Can it interact incorrectly with it.se1f or with other 
molecules in the cell, and, if so, docs this present a 
problem that (he cell must combat? Similar c|uestions 
can be raised about the other processes listed above: in 
each case, interactive surfaces that at one time are 
holding protein structures in their active conforma- 
tions are at another time exposed to the intracellular 
environment containing high concentrations of many 
other interactive surfaces. 

Tlie self-assembly principle, if applied strictly, 
implies that all the interactions that take place when 
such protein surfaces ai-e exposed ai-c totally correct; 
this means that they arc both ncc^sary and sufficient 
to produce the normal functional conformation. The 
molecular chaperone concept challenges this view by 
proposing that in any given assembly process there is a 
certain probability that incorrect interactions wall 
occur. 

(a) Definition of 'incorrect interactions* 

Incorrect interactions arc defined as those that give 
rise to structures which are non-functional in their 
normal context, i.e. they do not pos.sess the required 
biological activity. 

The probability of incorrect interactions may he .so 
low in some cases that molecular chaperones are not 
required, but in other cases, e.g. the jujsembly of 
nucleusomes and rubi.sco, the probability of incorrect 
interactions is so high that molecular chaperones are 
essential to produce enough functional structures for 
cellular needs. 

According to this view, molecular chaperones are 
required because many cellular processes involving 
proteins cnny an inherent risk of malfunction. They 
carry this risk because of the sheer number, variety 
and flexibility of the many weak interactions that hold 
proteins in their functional conformanons. The cell 
thus continually faces the problem that incorrect 
interactions will produce non-functional structures. 
These ideas can be simplified into a unifying concept 
by supposing that all cells recfuire a molecular chaper- 
one function. 

(6) Definition of the molecular chaperone function 

The molecular chaperone function is defined as the 
prevention of incorrect interactions between tran- 
siently exposed surfaces by the binding of chaperone 
molecules to those surfaces. 
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4. MECHANISM OF ACTION OF 
MOLECULAR CHAPERONES 

Prcseiil knowledge aboul ihe mechanism of action of 
molecular chapcroncs (derived principally from 
studies on niicleopl«5min, the chaperonins and ihe 
hsp 70 family) sugge-sts that they function by inhibit- 
ing unproductive incorrexrt assembly pathway's which 
would otherwise art as kinetic dead-end traps. This 
inhibition is exercised by the non-covalent binding of 
the molecular chaperonc lo exposed interactive sur- 
faces to produce stable complexes. Some molecular 
chaperones, e.g. the chaperonin.s and the hsp 70 
family, can bind to a wide variety of unassembled 
proteins that are imrelated in sequence, .so an impor- 
tant aim of current research is to determine how 
interactive surfaces are recognized. In these complexes 
the bound ligands arc prevented from interacting 
incorrectly. Reversal of binding then occun> under 
circumstances which favour correct interactions 
involving the ligand. In the case of the chaperonin 
family, these circumstances include the release of the 
bound ligand into cage^ formed at each end of the 
large oiigomeric chaperonin molecules; each cage 
provides a sequestered environment in which a 
releajted polypeptide can fold according to the princi- 
ple of self-assembly without running the risk of 
inieraciing incorrectly with other folding molecules 
(Saibil et al, 1993). In some cases (e.g. the chaperonins 
and the hsp 70 family), but not all (e.g. nucleoplas- 
min), this reversal of binding requires ATF hydrolysis. 
This requirement for energy is another feature by 
which the molecular chaperone view of protein assem- 
bly differs from the conventional view, because it 
suggests that energy in the form of ATP is often 
required to as.semble proteins as well as to synthesize 
the peptide bonds. 

This model proposed for the acuon of molecular 
chapci'oncs suggests that their action is rather subtle, 
and can be^ described as a.ssisting self-assembly. Thus 
the principle of self-assembly is not violated by the 
molecular diaperone concept, rather it is qualified by 
the proposal that in the in vivo situation self-assembly 
needs assistance from other protein molecules. On this 
basis we can distinguish two types of self-assembly. 

1. Strict seir-as.sembly: no m<acromoIecules other 
than the primary structure are required for the 
polypeptide to have a high probability of as.semhling ' 
correctly within the intracellular environment. (This 
definition is an over-simplification in that it ignores 
the post-translational modihcations required lor some 
proteins to assemble correctly.) 

2. A.ssisted .^elf-a.ssembly: an appropriate molecular 
chaperone is required in addition to the primary 
structure to allow correct as.semb]y to predominate 
over incorrect assembly; such molecular chaperones 
convey no sterlc information over and above that in 
the primary structure of the ligand. 

The ratio of strict self-assembly to assi.stcd self- 
assembly in vivo is not known, but b likely to vary with 
the sjHtciruni of protein assembly occurring at a given 
dme. It may be that all protein assembly in vivo is 
assisted, because even proteins which self-assemble in 



vitro very rapidly to the active conformation with high 
yield after removal of denaturani (e.g. dihydrofolate 
reductase) will bind to a molecular chaperone if 
presented with one. Perhaps in such cases there is a 
{jotentiaJ problem of incorrect interactions in vivo 
which has been overlooked by studying the pure 
protein in vitro. The study of protein assembly in tnlro 
using pui*e defnied components has enormous analyd- 
cal advantages, but it also suffers from the limitation 
that additional components involved in vivo may be 
lost during purification. There is thus a need to repeat 
all the extensive studies of pmiein renaluration in vitro 
in the presence of appropriate molecular chaperones. 

5. CURRENT LIST OF MOLECULAR 
CHAPERONES 

Table 1 contains a list of proteins thai can be regarded 
as molecular chapcroncs. They arc grouped into 
families on the basis of aminoacyl sequence, so that 

Table 1. List of molecular chaperones 
(Proteins suggested to be molecular chaperones are 
grouped on the basis of aminoacyl sequence, together 
with the cellular functions ihey arc believed to assist. 
Note that some groups assist the assembly of many 
difi'erent proteins, whereas others are specific for one 
or a few proteins. The question marks indicate where 
no firm evidence is available. Hsp heat shock 
protein.) 
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members within each Tannly are related to one 
another by sequence but not to mcmbei-s of another 
family. A theme emerging from recent research is that 
families of diflercni molecular chaperones cooperate 
together in defined pathways to assist the assembly of 
some proteins (Langcr et al. 1992). This list is 
predicted to grow as more researchers include the 
concept of molecular chaperoncs in their experimental 
programmes. 'J*he following arlicle.s discuss recent 
information about some of these fascinating protein 
molecules. 

I am grateful tn Ihe Sricncc and Engineering Research 
Council for support from 1972 lo 1990. 
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Summary: Deficiencies in the human enzyme phenylalanine hydroxylase (PAH) 
due to mutations in the PAH gene (PAH) result in the inborn error of metabolism 
phenylketonuria (PKU). The clinical symptom of this disease is an elevated con- 
centration of L-pheny!alanine (L-Phe) in blood serum. To prevent mental retar- 
dation due to the buildup of neurotoxic metabolites of L-Phe, patients with 
severe PKU must be treated with a low-L-Phe diet starting early in their life. 
Owing to extensive newborn screening programmes and genotyping efforts, more 
than 400 different mutations have been identified in the PAH gene. Recently, 
there have been several reports of PKU patients showing a normalization of their 
L-Phe concentrations upon oral administration of the natural cofactor to PAH, 
(6/?)-L-er;;/Aro.5,6.7,8-tetrahydrobiopterin (BH4). In an attempt to correlate 
the clinical responsiveness to BH4 administration with PKU genotype, we pro- 
pose specific structural consequences for this subset of PAH mutations. Based 
on the location and proximity of this subset of mutations to the cofactor-binding 
site in the three-dimensional structure of PAH, a hypothesis for BH4 responsive- 
ness in PKU patients is presented. It is believed that some of these mutations 
result in expressed mutant enzymes that are variants (with a lower binding 
affinity for BH4) of the standard PAH enzyme phenotype. Oral administration 
of excess BH4 thus makes it possible for these mutant enzymes to suppress their 
low binding affinity for BH4, enabling this subset of P^// mutations to perform 
the L-Phe hydroxylation reaction. Most of the BH4-responsive PAH mutations 
map to the catalytic domain of PAH in either of two categories. Residues are 
located in cofactor-binding regions or in regions that interact with the secondary 
structural elements involved in cofactor binding. Based on the series of known 
mutations that have been found to be responsive to BH4, we propose that other 
subsets of PAH mutations will have a high likelihood of being responsive to oral 
BH4 administration. 
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The human autosomal recessive metabolic disorder phenylketonuria (PKU; 
McKusick 261600) and the more benign form of this disorder found in 
hyperphenylalaninaemia (HPA) are both characterized by elevated concentrations 
of phenylalanine (L-Phe) and related neurotoxic metabolities in body fluids. 
This accumulation is most often due to impaired function of the enzyme 
phenylalanine hydroxylase (PAH; EC 1.14.16.1), caused by mutations in the 
gene that encodes for PAH {PAH\ Genbank cDNA Reference Sequence U49897). 
(The mutations have been catalogued in a curated database which is accessible at 
the PAH Mutation Analysis Consortium database and web site, located at 
http://www,mcgill.ca/pahdb (Scriver et a] 2000)). Severe PKU (classical PKU) 
in untreated patients leads to irreversible mental impairment of cognitive 
development. The current treatment for the majority of clinical phenotypes, ranging 
from the mild form of non-PKU HPA (characterized by blood L-Phe concentrations 
of 120-1000 //mol/L) to severe PKU (blood L-Phe >1000>mol/L), is lifelong diet- 
ary control of L-Phe intake. 

Owing to the difficulty with compliance to a lifelong low-L-Phe diet, a number of 
different approaches have been developed in the last few years towards an alternative 
treatment for PKU. In one approach, a recombinant form of the enzyme 
phenylalanine ammonia-Iyase (PAL; EC 4.3.1.5) has been used in an ancillary 
fashion to degrade phenylalanine into /ranj-cinnamic acid. When PAL was admin- 
istered orally (in combination with protease inhibitors to inhibit PAL degradation) 
to mice that were engineered with a model for PKU, this regimen was shown to 
reduce L-Phe concentrations by up to 50% in only Ih after administration 
(Sarkissian et al 1999). The mouse model was generated by iV-ethyl-iV'-nitrosourea 
(ENU) mutagenesis at the PAH locus (Sarkissian et al 2000), which resulted in 
strains of mice that displayed mild, moderate and severe PKU phenotypes relative 
to control mice. In a second approach, relatively successful gene therapy has been 
demonstrated in the mouse model, where adenovirus harbouring human PAH 
cDNA was infused into mice (Nagasaki et al 1999). This procedure resulted in 
measurable expression of PAH in mouse livers. In the case of gene therapy, 
immunosuppression was necessary to block the host immune response, in order 
to prolong the duration of PAH gene expression for up to 35 days. However, both 
approaches are still under development and are currently not available for clinical 
use. With this in mind, it is of interest that Kure and co-workers (Kure et al 1999) 
recently reported four patients with HPA that showed reduced blood serum L-Phe 
concentrations in response to oral loading with the natural cofactor BH4. 
Genotyping showed that these patients had three different pairs of mutations on 
the PAH alleles. This report by Kure, together with several other case studies 
reported at the VIII International Congress of Inborn Errors of Metabolism, 
Cambridge, UK (Spaapen et al 2000; Trefz et al 2000), defines a subset of PKU 
mutations that are responsive to treatment with the cofactor BH4 . We presume 
that there will be more BH4-responsive mutations that will be discovered in the 
PAH gene that are currently not identified. 

Successful cloning and recombinant expression of several disease-causing 
mutations in the human phenylalanine hydroxylase gene in different eukaryotic. 
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prokaryotic and cell-free systems have proved invaluable for linking the PKU 
genotype to the phenotype (Waters et al 1998). Out of the 413 entries currently pre- 
sent in the PKU database (see above) there are 124 different entries for dis- 
ease-causing mutations that have been recombinantly expressed. These 124 
entries map onto only 49 different amino acid positions that have been observed 
to be mutated in the corresponding disease-causing P^/f alleles. In vitro expression 
analyses using mammalian cells have shown that PAH gene mutations can reduce 
enzyme activity and stability to a varying extent as well as alter the oligomeric state 
of the PAH that is produced (Gamez et al 2000; Kayaalp et al 1997). 

Based on extensive genotyping, it has been found that most patients suffering from 
PKU are compound heterozygotes, meaning that they have different mutations on 
the two PAH alleles. It was proposed, and also confirmed for some PKU patients, 
that the resultant expressed enzymes, enzymatic activities and L-Phe dietary 
tolerances were a combined product based on the two mutant alleles that were pre- 
sent (Benit et al 1999; Knappskog et al 1996). On a molecular level, this can be 
explained by the theoretical PAH enzyme tetramers that can be formed from 
mutated allele 1 (Ml) and allele 2 (M2). These possibilities consist of the (Ml)4 
and (M2)4 homotetramers. and the (Ml)3(M2)i, (M1)2(M2)2 and (M1),(M2)3 
heterotetramers. For example, if one of the PKU mutations is found to be more 
structurally severe (Ml) than the other (M2), owing to folding defects, instability 
or lower amounts of expressed MI enzyme (Gamez et al 2000), then the PAH 
tetramer population may consist of varying compositions of the above-mentioned 
heterotetrameric forms, or solely the (M2)4 homotetramer. For the two PKU 
patients with fully characterized Ml and M2 alleles (i.e. genotypes L333F/E390G 
and D143G/G272X), each patient showed an intermediate dietary tolerance for 
L-Phe, as mentioned above (Benit et al 1999; Knappskog et al 1996), For these 
two double-mutant PAH allele combinations, the PAH enzymatic activity obtained 
upon coexpression of both mutant PAH sequences corresponded to an average value 
intermediate between the individual enzymatic activities obtained for the two sep- 
arate homotetrameric mutants. Alternatively, for severe PKU mutations, such as 
premature termination deletion mutations (leading to a truncated PAH enzyme 
without an active site), mutations in introns (leading to splicing defects) or 
insertion /deletion mutations (leading to a frameshift in the expressed protein), there 
is little or no active enzyme expressed from the severely mutated allele (Knappskog 
et al 1996; Okano et al 1991a). Thus, PKU patients harbouring an allele with a 
severe PAH mutation would have to rely exclusively upon PAH residual enzymatic 
activity generated from a less structurally or functionally severe mutation in the 
second PAH allele (Knappskog et al 1996). 

The recently solved crystal structures of human (Erlandsen et al 1997a; Fusetti et 
al 1998) and rat (Kobe et al 1999) PAH have provided the possibility of determining 
the structural basis of PAH mutations that result in deficient L-Phe hydroxylation 
(Erlandsen and Stevens 1999; Jennings et al 2000). This structural information 
has helped formulate rules that may aid in predicting the likely effects of unclassified 
and newly discovered PAH mutations (Jennings et al 2000). Furthermore, with this 
information we can map any BH4-responsive mutations that have been observed 
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in different PKU patients onto the structure of PAH, and with the aid of the recent 
crystal structure determination of PAH complexed with a cofactor analogue 
(Erlandsen et al 2000), we can formulate a likely explanation of the molecular basis 
for these BH4 -responsive PAH genotypes. 



THE THREE-DIMENSIONAL CRYSTAL STRUCTURE OF 
PHENYLALANINE HYDROXYLASE 

Because of numerous failed attempts to crystallize the full-length wild-type version 
of human PAH, several smaller truncated forms of the protein were created and, 
with large scale £. coH expression (Martinez et a] 1995), crystals were successfully 
obtained (Erlandsen et al 1997b). The first and highest-resolution crystal structure 
of phenylalanine hydroxylase was solved using a dimeric double truncated form 
(Al-102/A428^52) of human PAH, in which the first 102 residues and the last 
24 residues of the PAH sequence were removed from the expression construct 
(Erlandsen et al 1997a). This structure aided in the determination of a larger, 
-tetrameric'structure (Al-117) of human PAH in which the first 117 residues were 
removed (Fusetti et al 1998), as well as a dimeric form of the rat enzyme (A430-452) 
in which the last 22 residues were removed (Kobe et al 1999). 

By superimposing the catalytic domain residues 143-41 0 from the crystal structure 
of Al-1 17 PAH with the same region of the A430-452 PAH structure (Erlandsen and 
Stevens 1999), a complete full-length structure model of phenylalanine hydroxylase 
was obtained. There are currently 413 different mutations of the PAH locus in 
the PKU database (Scriver et al 2000); out of these mutations, there are 256 
missense, 22 nonsense and 27 silent mutations. The P^/^ mutations that map onto 
the structural gene of PAH can be divided into five categories, dependent on which 
portion of the protein structure they affect: (1) residues in the active-site region; 
(2) structural residues (residues that are important for preserving the intact protein 
three-dimensional structure); (3) residues involved in interdomain interactions 
within one monomer; (4) residues involved in interactions with the N-terminal regu- 
latory sequence; and (5) residues at the dimer or tetramer interfaces (Erlandsen and 
Stevens 1999). 

Each monomer in the PAH tetramer has three domains (Figures 1 and 2). Residues 
1 to 142 comprise the N-terminal regulatory domain (residues 1-142), which also 
contains a short autoregulatory sequence (ARS) (residues 19-33) (Figure 1). The 
ARS covers the opening of the PAH catalytic active site and restricts the access 
of substrate and cofactor into the active site (Figures 2 and 3). The second region 
of the protein is the *basket-like' catalytic domain (residues 143-410), which har- 
bours the active-site iron at the bottom of the 'basket*. The iron is bound by three 
residues (His-285, His-290 and Glu.330) as well as three water molecules (Erlandsen 
et al 1997a). In the PAH catalytic mechanism, the iron centre is reduced to the active 
ferrous (Fe^"*-) form upon binding the natural cofactor BH4, followed by subsequent 
binding of O2 and the L-Phe substrate. The third portion of the protein is the 
tetramerization domain (residues 411-452), which consists of an 'arm* formed 
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Figure 1 Scheme showing the secondary structure assignment for the human PAH sequence 
(SWISS-PR OT P00439). The secondary structure was assigned using DSSP (Kabsch and San- 
der 1983) on the composite PAH model (Erlandsen and Stevens 1999). Residues that have 
PKU mutations associated with them are indicated with red dots. The three residues that 
are ligands to the active site iron are coloured light blue, and the residues involved in 
BH4-responsive phenylketonuria are boxed in green. Secondary structural elements of the 
regulatory domain are coloured orange, with elements from the catalytic domain coloured 
grey and elements from the tetramerization domain coloured blue. Residues and secondary 
structural elements involved in binding of the BH4 cofactor arc coloured purple 

by two i?-strands and a 40 A long ot-helix. This helix is responsible for forming the 
intact PAH tetramer, through interdomain shared coiled-coil interactions in the 
centre of the tetramer with the three other monomers (Figure 2A-C). 



STRUCTURE-BASED CHARACTERIZATION OF BH4-RESPONSIVE PKU 
MUTATIONS 

As previously mentioned, there have been a number of reports in which patients with 
mild HPA have been able to bring their blood L-Phe concentrations back to normal 
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Figure 2 Three views of the composite model of phenylalanine hydroxylase. The regulatory 
domain (residues 19-142) is coloured orange, the catalytic domain (residues 143-410) is 
coloured grey, and the tetramerization domain (residues 411-452) is coloured blue. The 
active-site iron is shown as a yellow sphere. The regions of the backbone involved in cofactor 
binding are coloured purple. (A) Front view. (B) Side view, seen in the plane of the paper 
along the x-axis as compared to (A). (C) Side view, seen in the plane of the paper along 
the >'-axis as compared to (A). The figures were produced with the programs Molscript 
(Kraulis 1991) and Raster 3D (Merritt and Bacon 1997) 



levels by taking BH4 orally (Kure et al 1999; Spaapen et al 2000; Trefz et al 2000). 
Known BH4-responsive heterozygote genotype examples have been compiled in 
Table 1, together with relevant data on homozygote HPA genotypes. The 
three-dimensional structural locations of the residues involved in these 
BH4-responsive genotypes are all shown in Figure 3. Kure and co-workers (1999) 
stated the important assumption that if responsiveness towards BH4 is determined 
by the mutations present in the PAH gene, then patients with PKU who have 
the same mutations should also respond similarly to BH4 loading. In addition, Trefz 
and colleagues (2000) speculated that the biochemical basis for the responsiveness to 
BH4 in certain PKU patients was due to the PAH enzyme having a variant K^, where 
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Figure 3 View of the protein backbone for a monomer from the composite mode] of 
phenylalanine hydroxylase. The same colour scheme as in Figure 2 is used. Side-chains of 
the residues involved in PKU patients found to be BH4 -responsive arc shown (see Table 
1). Side-chain carbon atoms are coloured green, with nitrogen atoms coloured blue and oxygen 
atoms coloured red. The active-site iron is shown as a yellow sphere. The cofactor BH4 is 
positioned into the structure on the basis of the electron density observed for the cofactor 
analogue 7,8-dihydro-L-biopterin found in the crystal structure of human double-truncated 
phenylalanine hydroxylase (Erlandsen et al 2000). The cofactor-binding regions (CBR) 
are shown in purple. These are CBR #1 (residues 245-266), CBR #2 (residues 280-283). 
CBR #3 (residues 322-326) and CBR #4 (residues 377-379). The figure was produced with 
the program INSIGHT, which is available from Molecular Simulations Inc. 

enhanced residual activity is achieved by oral supplementation of BH4. Thus, the 
mutant PAH retains BH4-binding affinity; however, the reaction occurs at a lower 
rate compared to wild-type PAH. Structurally, a likely explanation for this effect 
is that the PAH mutation reduces the cofactor-binding affinity at the active site 
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as a result of slight distortions of the active-site pocket and cofactor-binding site. 
However, the structural modifications due to PAH mutation are not enough to com- 
pletely abolish cofactor binding in the BH4 -responsive mutants, and flooding of the 
active site with cofactor in these situations restores the activity of the enzyme. Con- 
sequently, substrate turnover is achieved with BH4 loading. 

Regions that interact with the cofactor analogue in the crystal structure of PAH 
with 7,8-dihydro-L-biopterin (7,8-BH2) (Erlandsen et al 2000) are assumed also 
to interact with the natural BH4 cofactor. Since BH4 and 7,8-BH2 are almost ident- 
ical (except for two hydrogen atoms in position N-3 and N-5 on the pteridine rings), 
the same binding site is assumed to exist for both molecules (Figure 3). Thus, the 
natural cofactor BH4 was placed into the electron density for 7,8-BH2. Residues 
shown to interact with the cofactor analogue in the PAH crystal structure are 
Gly-247, Leu-249, Ser-251, Phe-254. His-264, Glu-286, Ala-322 and Tyr-325. These 
residues, which interact with or are close in proximity to the cofactor, have been 
included in the cofactor-binding regions (CBR). These regions are CBR #1 (residues 
245-266), CBR #2 (residues 280-283), CBR #3 (residues 322-326) and CBR #4 
(residues 377-379). These four cofactor-binding regions are shown in purple ribbon 
backbone representaTions^nPFiguFe^3,^long-w^ the positions of residues involved 
with the BH4-responsive PKU genotypes. The locations of BH4 and iron in the. 
PAH active site are shown for easier orientation in both Figures 3 and 4. 

The first clinical study that reported BH4 responsiveness in patients with mild 
HPA (Kure et al 1999) found that the serum L-Phe levels of some patients gradually 
decreased after an oral loading of BH4 (corresponding to a dose of 5-10 mg/kg 
bodyweight). The patients' baseline urinary pteridine and dihydropteridine 
reductase (the enzyme responsible for natural regeneration of BH4) (EC 1.6.99.7) 
levels in these patients were normal, suggesting that these patients were deficient 
in PAH activity rather than BH4. Analysis of the P^/f genotypes for these patients 
showed the following mutations: P407S/R252W, IVS4-lg>a/A373T, and 
R413P/R241C. The latter genotype was found in two patients in the same study 
(Kure et al 1999), and both patients showed the same responsiveness towards BH4. 
One patient in the study was found not to respond to BH4 (genotype P407S/R1 1 IX). 
This patient shares one mutant allele (P407S mutation) with a patient who did 



Figure 4 Close-up views of selected residues involved in BH4 responsiveness along with their 
interactions. The same colour scheme as in Figures 2 and 3 is used. The active-site iron and the 
cofactor are also shown. (A) Selected residues involved in the genotypes R252W/P407S, 
A313T/1099insC and A300S/A403V. (B) Important residues involved in the R413P/R241C 
and the R241C/A403V genotypes. (C) View of the region around residue Ala-373, which 
is involved in the BH4-responsive IVS4-lg>a/A373T genotype, along with additional 
side-chain locations for residues in close proximity to Ala-373. (D) View of the region around 
residue Val-190, which is involved in the BH4-responsive V190A/R243X genotype, together 
with selected side-chain locations for residues in close proximity to Val-190 and the active-site 
iron along with the residues acting as ligands to the iron centre. The figures were produced with 
the program INSIGHT, which is available from Molecular Simulations Inc. 
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respond to BH4 (Table 1). Table 1 lists two other reports of patients with 
BH4-responsive PKU that were found to have several other genotypes: 
JVS10nt-lIg>a/E390G (Trefz et al 2000), A313T/1099insC, V190A/R243X, 
A300S/A403V, and R241C/A403V (Spaapen et al 2000). In the following dis- 
cussion, we will present a molecular rationale for each genotype that has been 
observed to have BH4 responsiveness. 



THE P407S/R252W GENOTYPE 

One of the first genotypes found to be responsive to BH4 was P407S/R252W. 
Neither residue in this genotype interacts directly with the cofactor, but Arg-252 
follows Ser-251 in the PAH sequence and both residues are located in CBR 
#1 (Figures 1 and 3). Ser-251 is presumed to position BH4 by hydrogen bonding 
to the dihydroxypropyl side-chain, placing the BH4 cofactor in the correct 
orientation for catalysis to occur (Figure 4A). Arg-252 hydrogen bonds to residue 
Ala-313 (through the backbone carbonyl oxygen of Ala-313), and also forms 
hydrogen bonds with Asp-315 and Asp-27 (which is located in the autoregulatory 
sequence (ARS) that covers the active site). Mutation of Arg-252 into a tryptophan 
or glycine, as found in the R252G PKU mutation, would remove these stabilizing 
hydrogen bonds and interfere with the proper interaction between the ARS 
and the PAH active site (Figure 4A). Residues Ala-313 and Asp-315 are located 
in a loop (residues 312-315) that forms hydrogen bonds to the first j5-strand 
of the tetramerization domain. Elimination of these stabilizing interactions within 
the tetramerization domain upon mutating Arg-252 might explain the low yield 
of oligomeric forms of PAH obtained upon expression of the R252G mutant 
in E. coll (Bj0rgo et al 1998). Patients homozygous for the R252W PAH mutation 
display classical PKU, and when PAH containing the R252W mutation is 
expressed in COS cells, less than 1% of wild- type activity is obtained (Okano 
et al 1991b). The second allele in the R252W/P407S genotype involves residue 
Pro-407, which precedes the start of the tetramerization domain. Mutation into 
a less rigid residue (serine) might inhibit the formation of PAH tetramers; however, 
the PAH monomers might still retain some cof actor-binding affinity and catalytic 
activity. Kure and colleagues (1999) reported a non-BH4-responsive patient with 
the P407S/RinX genotype that also contains this P407S allele. The RlllX 
mutation results in a truncated PAH enzyme that contains only a partial regulatory 
domain sequence and presumably does not have any enzymatic activity. Therefore, 
any PAH enzymatic activity for the P407S/R111X genotype must be due to the 
P407S mutant enzyme. Based on the difference in phenotype and BH4 responsive- 
ness for the R252W/P407S and P407S/R111X genotypes, responsiveness to 
BH4 is determined not only by the specific PAH mutations that are present 
but also by the molecular composition of the PAH mutant subunits present in 
the tetramer. 
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THE K413P/R241C GENOTYPE 

The R413P/R241C genotype was also found by Kure and co-workers (1999) to be 
responsive to cofactor loading, Arg-241 is located in a surface region of the catalytic 
domain prior to CBR #1 (Figure 4B), at the start of a short ^-strand (Cj?l) (Figure 
1). In the tetrameric structure (Al-117) of PAH (Fusetti et al 1998), Arg-241 
was observed to be hydrogen bonded to GIn-419, which is located in the 
tetramerization domain, and thus position 241 participates in important 
interdomain interactions between the catalytic domain and the tetramerization 
domain (Figure 4B). However, Arg-241 is not conserved when compared to the other 
two homologous enzymes in the tetrameric aromatic amino acid hydroxylase super- 
family, tyrosine hydroxylase (EC 1.14.16.2) and tryptophan hydroxylase (EC 
1 .14.16.4), where position 241 is a glutamine and a serine, respectively. Thus, it can- 
not be solely responsible for proper tetramer formation. Three PKU P/i// mutations 
are associated with Arg-24] : R241H, R241L and R241C. When either the R241C or 
R241H mutated PAH constructs are expressed in COS cells, the expressed enzymes 
display 25% (Okano et al 1994) and 23% (PKU database) activity, respectively, 
as compared to wild-type PAH. The second position of mutation in this genotype, 
Arg-413 is located in the tetramerization domain, and hydrogen bonds to Glu-422. 
This hydrogen bond is one of a limited number of hydrogen bonds that are respon- 
sible for holding together the ^-ribbon (formed by T^l and T^2) (Figure 1) that 
is located in the hinge region of the tetramerization domain. Formation of this 
^-ribbon ensures proper tetramer formation by positioning the 40 A long a-helix 
for coiled-coil interactions with other PAH monomers. Three PKU PAH mutations 
have been found for Arg.413: R413S, R413C and R413P. The R413P mutated PAH 
construct, when expressed in COS cells, results in an enzyme that Has <3% (Wang et 
al 1991) activity when compared to wild-type PAH. Patients homozygous for the 
R413P mutation have clinical symptoms of classical PKU. Thus, the R241C 
mutation, owing to its mild effect on the structure (and active site) as compared 
to Arg-413, is presumably responsible for the observed BH4 responsiveness in 
the R413P/R241C genotype. One might predict, based on the known residual 
enzymatic activity of the R241H mutation (23%; PKU database), that this mutation 
would give similar BH4 responsiveness to that observed for R241C, even in com- 
bination with a more severe mutation such as R413P. 



THE IVS10nt-ng>a/E390G GENOTYPE 

Trefz and colleagues (2000) reported on another PKU patient that was found to be 
responsive to BH4 oral loading. In the IVSl Ont- 1 lg>a/E390G phenotype, the latter 
mutation must be responsible for the observed BH4-responsiveness in this genotype, 
since the first mutation results in a splicing defect in intron 10 of the PAH gene, 
leading to no functional protein being expressed for this allele. A PAH construct 
containing the Gly-390 mutation shows 70% of wild-type activity when expressed 
in COS celts (PKU database). In the structure of tetrameric PAH (Fusetti et al 1998), 
Glu-390 is located on the surface of the protein in the catalytic domain, following 
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CBR #4 in the primary sequence (Figures 1 and 3). The GIu-390 side-chain is 
pointing towards the catalytic domain of a second monomer in the tetrameric struc- 
ture and also points towards the central tetramerization domain. Since GIu-390 is 
located on the surface, it forms no hydrogen bonds, and mutation into a flexible 
glycine at this position must be slightly destabilizing for the protein backbone. 
The Gly-390 mutant PAH, as found for the other BH4-responsive PAH mutations, 
most likely retains its cofactor binding affinity, possibly with a slight increase in 
Km- However, the molecular effect of the E390G mutation is difficult to predict 
on the basis of the structure. A better hypothesis might be developed by performing 
kinetic measurements on cofactor binding to the recombinantly expressed mutant 
enzyme. 



THE IVS4-lg>a/A373T GENOTYPE 

A final BH4 -responsive genotype reported by Kure and co-workers (1999) was 
IVS4-lg>a/A373T. The patient with this genotype had a mild HPA phenotype. 
-The IVS4-lg>a mutation affects intron 4 and results in no functional protein being 
expressed, similarly to the IVS10nt-llg>a mutation in the genotype mentioned 
previously. Patients who are homozygous for the IVS4-lg>a mutation display clini- 
cal symptoms of classical PKU. The second mutation involves position 373. Ala-373 
is located in a region that forms hydrophobic interactions with helix Ca9, which 
contains Tyr-325, Trp-326 and Ala.322 (all in CBR #3) (Figure 4C). The backbone 
carbonyl oxygen of residue Ala-322 hydrogen bonds to the dihydroxypropyl 
side-chain of the cofactor. Substitution into a threonine at position 373 might be 
accommodated relatively easily with respect to the packing in this region of the pro- 
tein, and might not result in too much structural perturbation in the Ca9 helix or the 
active site. The minor structural changes caused by the A373T mutation must not be 
too severe, since this PAH mutant retains binding affinity for BH4, and provides for 
the observed BH4 responsiveness of this PAH genotype. 



THE A3]3T/]099insC AND V190A/R243X GENOTYPES 

Patients with the genotype A313T/1099insC show clinical symptoms of variant 
HPA and are responsive to BH4 loading, as reported by Spaapen et al (2000). 
The allele responsible for this behaviour is most likely the A313T mutation, since 
the 1099insC mutation results in a frameshift after Leu-367. However, since this 
frameshift mutation contains all the residues needed for binding the cofactor, it 
is not ruled out that the 1099insC mutant PAH might possibly exhibit some 
enzymatic activity. Unfortunately, no expression information for either of these 
two mutants is available. The backbone carbonyl oxygen of Ala-3 13 hydrogen bonds 
to Arg-252 (in CBR #1) in the tetrameric PAH structure (Figure 4A). Position 31 3 is 
located in a loop between helices Ca8 and Ca9, and at the interface to the regulatory 
domain (close to Pro-119). The residue adjacent to Ala-313 is Gly-312, and this 
flexible glycine residue might compensate for any structural distortions introduced 
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by a threonine substitution at position 313. Thus, the A3 13T substitution might not 
affect cofactor binding too much. 

Similarly, a patient with genotype V190A/R243X also displayed ch'nical symp- 
toms of variant HPA. Here the responsive mutation must be the V190A mutation, 
since the R243X mutation results in a truncated enzyme missing all of the residues 
involved in active-site iron and cofactor binding. Residue VaM90 is located in helix 
Ca3, in close proximity to the backbone atoms of His-285, and approximately 
4 A away from both the Cfi atom of Cys-284 and the side-chain of Arg-270 (Figure 
4D). Substitution into an alanine at position 190 conserves hydrophobicity; 
however, alanine is a smaller residue than valine. Therefore, substitution into an 
alanine putatively creates an open space where the two methyl groups of the valine 
were located. Unless this space is filled with water molecules, the resultant mutant 
enzyme with Ala-190 might have Cys-284 (which is at the end of CBR #2) and 
also the backbone of His«285 move into the empty space created by the Ala-190 
substitution. This structural rearrangement would alter the cofactor-binding site, 
potentially lowering the cofactor binding affinity and requiring additional cofactor 
to be p^esent fo^r subst^^^ turnover, thus explaining the BH4_ responsiveness 
observed. 



THE A300S/A403V AND R241C/A403V GENOTYPES 

The two genotypes A300S/A403V and R241C/A403V were both found in variant 
HPA patients who were observed to be responsive to BH4 (Spaapen et al 2000). 
These genotypes share one mutant allele, the A403V allele. Residue Ala-403 is 
located at the end of helix Cal2, in close proximity to the side-chain of Ala-309 
in helix Ca8 (3.5 A). An alanine or a similar small residue might be necessary at 
this position for helices Coc8 and Cal2 to pack closely together. Thus, the substi- 
tution into a larger valine at this position as found in th A403V mutation might 
result in a less stable protein being produced. The R241C/A403V genotype shares 
the R241C allele with the previously mentioned genotype R413P/R241C, where 
it was concluded that the R241C mutation was responsible for the observed 
BH4 responsiveness. This conclusion might therefore be the case for the 
R241C/A403V genotype as well. In the A300S/A403V genotype, the Ala-300 resi- 
due is located in the middle of helix Ca8 (Figure 4A), which is lining the bottom 
of the active site. Ala-300 does not form any hydrogen bonds, and a substitution 
into a serine at this position might be accommodated with only minor distortions 
in the structure. The closest residue to Ala-300 is Arg-261, which is located 4.3 A 
away from the side-chain of Ala-300 in CBR #1 (residues 245-266). The substi- 
tution into a slightly larger serine at position 300 could cause the Arg-261 side-chain 
to move, thus changing the shape of the cofactor-binding site. Thus, the Ser-300 
substitution would likely lower the binding affinity for BH4 in the mutant enzyme 
as compared to the wild-type enzyme, explaining the BH4 responsiveness of the 
A300S/A403V genotype. 

On the basis of the eight genotypes that have been found to be responsive to BH4, 
we can propose generalized rules for allowable mutations that will potentially 
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respond to BH4 treatment. First, none of the BH4 -responsive mutations should be 
residues that are directly interacting with the cofactor. These mutations would lower 
the binding affinity of the cofactor too much, which would prevent appreciable turn- 
over of L-Phe substrate. Second, the BH4-responsive mutations can be located in the 
cofactor-binding regions (CBR #1 (residues 245-266), CBR #2 (residues 280-283), 
CBR #3 (residues 322-326) and CBR #4 (residues 377-379)), or in regions that 
closely interact with the cofactor-binding regions. However, none of the single point 
mutations in the PAH gene can be too structurally severe; that is, allowed mutations 
would not involve proline residues or substitutions from small residues (such as 
glycine or alanine) into larger residues (such as tryptophan, arginine or lysine). These 
severe mutations would very likely cause too much structural distortion to the PAH 
architecture, and it would not be expected that the cofactor-binding site would 
be conserved in these instances. 

CONCLUSIONS 

There have been several recent reports of patients with mild HPA to variant HPA, 
who were found to be responsive to oral loading of BH4. It is believed that these 
PAH mutations result in mutant enzymes that are Km variants of the PAH enzyme 
phenotype (Trefz et al 2000) that are still able to bind the cofactor. Oral addition 
of excess BH4 makes it possible for the mutant enzymes to overcome the lowered 
binding of BH4 and perform the L-Phe hydroxylation reaction at a lower rate. Thus, 
L-Phe concentrations return to 'safe' amounts and the patients can, by taking 
BH4 supplement, avoid the low-L-Phe diet. When mapped onto the crystal structure 
of phenylalanine hydroxylase, none of the observed mutations are located at residues 
that interact with the cof actor. Most of the mutations that lead to BH4 responsiveness 
map onto the catalytic domain in two categories. These residues are located either in 
the cofactor-binding regions (Figure 3) or in regions that interact with the secondary 
structural elements that are involved in cofactor binding. Thus, it becomes possible to 
predict (to some extent) which PAH mutant residues that have PKU and HPA 
phenotypes associated with them, might be treatable with excess BH4. 

Some logical criteria limit the a priori prediction of residues that, when mutated, 
would not be responsive to BH4. From the known effects of mutations in proteins 
(Durr and Jelesarov 2000; Ghosh et al 1999; Harris et al 2000; Hubbard and Argos 
1995; Oue et al 1999; Zaremba and Gregoret 1999) we can determine a subset 
of nonresponsive mutations. None of the missense mutations that would be 
described in the two categories mentioned above should be too 'structurally severe', 
meaning that the mutations should not involve prolines in structurally important 
positions or substitutions from a small amino acid (like glycine or alanine) into 
a larger residue. It is very likely that these gross mutations would cause too severe 
a structural distortion, causing major folding defects in any expressed protein 
harbouring these mutant alleles. 

In order to provide further evidence to support our BH4 responsiveness structural 
hypothesis, it is imperative that an experimental database be developed to facilitate 
the prediction of PAH genotypes that would be treatable with BH4. This will require 
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further BH4 loading tests and patient genotyping. Subsequent expression analyses 
and kinetic measurements of the recombinantly expressed mutant proteins with 
the natural cofactor BH4 will be required to supplement our current understanding 
of the genotype-phenotype relationship for PKU patients. Unfortunately, very 
few groups are currently performing these types of analyses, possibly because of 
the lack of expertise or the presumed lack of necessity for this type of inforrnation 
for actual treatment of PKU patients. However, from the compelling data 
summarized in this paper, there does seem to be a need to predict BH4-responsive 
mutations. 
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TREATMENT OF DIABETES BY any beneficial effects (Arcndnip. K., et al., *Wgb-Dose 

ADMINISTRATION OF MYO-INOSITCL Dielaiy Myo-Ioositol Supplementation Does Not Alter the 

Ischaemia PheDomcDon in Human Diabetes * Acta Nturd 

This appL'catJon is a continuation jq)plication of U-S. Scand, 80:99-102 (1978)). 

application Scr. No. 08/173.814. filed Dec. 22, 1993 now 3 As hereinafter described, it has been unexpectedly dis- 

abandoned. covered that administration of myo-inositol at high doses is 

effective in lowering plasma clucose levels of diabetics. 

FIELD OF THE INVENTION f>r ^ 

The present invention concerns treatment of diabetes with SUMMARY OF THE INVEOTION 

myo-inositol and nutritional compositions containing same. The present invention is directed to a metfiod for treating 

iiArKniioiTNn ofthe mvEimON * *"^J*^ ^ ^ treatment con^sing 

BACKGROUND OFTHE INVEfmON araUy administering to said subject a nutritional convosilion 

Diabetes Is a significant disease in humans. Although a conq»ising protein. lii»d and carbohydrate in combination 

complex disease* it is characteristic of subjects having widi an effective plasma glucose lowering amount of myo- 

diabetes to have an impaired abiUty to remove serum or inositol, 

plasma glucose after a glucose load such as after meal 

ingestion. Such an inq>ainncnt (sometimes refcired to as BRIEF DESCRIPTION OF THE DRAWINGS 

"glucose intolerance") in severe cases can lead to significant p,Q j j,^^ insyjjn vs. time in Monkey F for the stody 

clinical sequelae such as renal faUure. described in Example 1. "Myo" means myo-inositol and 

Prior art methods for treating glucose intolerance indude »q» means D-chiro-inositol. 

the use of insulin or adherence to strict diets whidi limit ^ j^^^^ ^ ^ Monkey G for die study 

intake of easfly metabolized carbohydrates. Several liquid ^j^scribed in Exanmlc 1. "Myo" means mo-inositol and 

enteral fonmilas designed for use by diabetes patients are D^hiro-inositoL 

commerdaUy available such as Gluccma^ nutritional f»- 2* , . ^# t v 4«.- 

mula(avaa^lc from Ross Laboratories, Columbus. Ohio). ^ HG. 3 P asma glucose vs^^^ 

One sudi entend foomUa is described in fructose is part lif in Bjample 1. "Myo" means myo-mositol and 

the cart>ohydrate component ^CT means D^inositoL 

Other prior art methods for treating diabetes or glucose ^ HG 4 Plas^gluwsevs^m Monkey D for 

intolerance include administration of inositol triphosphate 30 m Example 1. "Myo" means myc^-inositol and 

(U.S. PaL No. 5,023^4S) and D-duro-inositol (U.S. PW. means D-chiro-inositd. 

No S 124360). 1^0. 5 Plasma glucose vs. dme in Monkey X for the study 

Myo.iiK>sitol is known in the nutritional field to be an described in Exaniplc L '^lyo" means myoinositol and 

in^iortant nutriuonal component of the diet (see. for **Cr means D-chiro-inositol. 

example, Holub, B. J.. 'The Nutritional Significance, 35 HG. 6 Plasma glucose vs. time in Monkey D fw the study 

Metabolism, and Function of myo-Inositol and Hiosphati- described in Example 1. "Myo" means myo-inositol and 

dylinositol in Health and Disease" in Adv. Nutn Res, 'XT means D-chiro-inositol. 

4:107-141 (1982)). Low levels of myo-inositol are typically FIG. 7 Plasma glucose vs. time in Monkey F for the study 

added to infant formulas and adult enteral nutritional for- described in Example 1. '"Myo" means myo-inositol and 

mulas. In addition, administration of low levels of dietaiy 40 XT means D-chiro-inositoL 

inositol has been found to have certain other beneficial FIG. 8 Plasma glucose vs. time in Monkey G for the study 

effects (sec. Price, D, a, et al., •'Effect of Aldose Reductase described in Example 1. ^T^yo" means nqro-inositol and 

Inhibition on Nerve Conduction Velocity and Resistance to mq« means DHrhiro-inositol 

Ischemic Coj^«i«L B^^^ Experimentd Diabet«,- HG 9 Plasma glucose vs. toe in Monkey H for the study 

Diabetes 31:^9^m (1988);. Greene. D. A. ct aL. 45 ^ j . liyo-inositol and 

Impaired Ral Sciatic Nerve Sodium-Potassium Adenosme .J^n '^^ n^hj«L,n«itfti 

ll^phatase in Acute Streptozocin Diabetes and Its Cor. ^^^.^^^^^ w ^ 

re^on by Dietary Myo-Inositol Supplemenution,- 7. CUiu "G. 1« Uiine glucc»e(ipg/day) for each monkey of the 

Invest, 72:1058-1063(1983); Knudscn. G. M., ct al., "Myo- «tody described in Example 1. 

Inositol Noiinalizcs Dcacased Sodium Penneaihility of the so DETAILED DESCRIPnON OF THE 

Blood-Brain Barrier In Streptozotocin Diabetes,** INVENTION 

Neurvscience, 29(3):77^-777 (1989); Halhnan, M., et aL, 

Inositol Supplementation In Respiratoiy Distress syn- In die raefliodofflie invention an effective plasma glucose 

drome:Rclationship Between Scrum Concentration, Renal lowering amount of myo-inosUd is administered to a subject 

Excretion, and Lung Effluent Phosj*oUpids.-77i*y©iirrKi/<?/ 55 in need of such treatment Such subjects arc diabetics or 

Pediatrics, 1 10(4).-604-610 (1987); and Greene. D. A., et al, patients otherwise manifesting glucose intolerance. 

•lEffects of Insulin and Dietary Myoinositol on Impaired For tiie purpose of die present invention, the effective 

Peripheral MotOT Nerve Conduction Velocity in Acute Strep- amount of myo-inositol to be administered is based on total 

tozotodn Diabetes,** The Journal cf Clinical Investigation, body mass. Although use of total body mass is more 

55:1326-1336 (1975)). However, myo-inositd has been 60 convenient, in some instances it is preferred to use lean body 

reported to be without effect for lowering plasma glucose In mass because glucose uptake and utilization is primarily a 

streptozotocin diabetic rats afta a glucose load (Huang, L. function of lean tissue. Several methods for mcasuriog lean 

C. et aL. '"Effect of Acute D-Chiroinositol on Plasma body mass are listed in Modem Nutrition in HeaWt and 

Glucose in Diabetic Rats and Non-Diabetic Rats Given a Disease. Ed. ShDs. Olson. Shike, Sdi Edition. Lea &Pebsga, 

Glucose Load," FASEB, 6(5):AI^9. Abstract 4009 (1992)). 65 1994. pages 783-791 . Lean body mass can be estimated in 

F^ifthcrmorey administration of myo-lnosit<rf to patients humans by die mediod described as anthropometry (see 

receiving a Itigh dose (20 g per day) was found not to have Modem Nutrition in Heabk and Disease, fid. Shils. Olson, 
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Shike. 8th Edition. Lea & Febigcr. 19^. pages 785-786). composition of the inveDtloo can be an infant or adult 

The anthropometry tedmique uses various body drcumfer- nutritional composition, l^ically niilk, skim mWk. casein, 

coces and skinfold thicimess (really a double layer of skin hydrolyzed casein, hydrolyzed whey protein, whey, veg- 

and subcutaneous tissue, measured with special cal^>ers. etable protein concentrate (eg. soy protein isolate), hydio- 
Sadsfactory calipers are Haipeoden Caliper. H. £. Morse 5 lyzed vegetable protein (e.g. soy), animal oils, vegetable 

Co.. Hollaod. Mich.; Holtain-Haipenden Clalipei. Holtain oils, starch, sucrose, lactose and/or com synip solids will be 

Ltd.. Byraberian. Oymmych. Pembrokeshire. Wales; and added to the composition to supply part or all of the amino 

Large Caliper. Cambridge Scientific Industries. Inc.. acids and/or protein, lipid, and carbohydrate as well as other 

Cambridge. Md.). The usual sites for sb'nfold measurements nutrients such as vitamins and minerals, 

are the midtriceps region, at the inferior tip of the scapula. The composition of the invention jH-eferably comprises 

and just above the iliac aest One grasps the tissue between about 7% to about 30% protein, about 20% to about 56% 

thumb and forefinger, shakiiig it gently to exclude underly- lipid, and about 20% to about 70% total cart>ohydrate, said 

ing muscle, and stretching it just far enough to permit the percentages being based on the total caloric value of the 

jaws of the spring-activated caliper to impinge on the tissue. composition. More preferably, the composition of the inven- 

Because the jaws con^sress the tissue, the caliper reading tion preferably con^^es about 10% to about 15% protein, 

diminishes for a few seconds, and then the dial is read. In about 35% to about 45% lipid, and about 38% to about 52% 

subjectS'With moderately firm. rath» thin subcutaneous total carlx>hydratc. said percentages being t>ased on the total 

tissue the measurement is easy to make; but in those wifli caloric value of the composition. Most preferably, the com- 

flabby. easily compressible Ussue and in those with very finn position of the invention prcferaWy conprises about 12% 

tissue not easily dcformable. the measureroeot is moic protein, about 40% lipid* and about 45% total carbohydrate 
difficult ^ said percentages bdi^ based on the total caloric value <tf die 

Cross-sectional area of the musde-bonc (MfB) and fat composition. . , . . ^ ... 

components of the arm can be calculated from aim circum- ^^"^f^T?. 

ference and skinfold thickness at the midpoim, as foUows (T ^P^y^ ^-25 to about 25 g p« 100 calones (cal of 

is trictts skinfold, B is biceps): total con^xjsition, preferably about 0.5 to about 25 g per 100 
^ 25 cal of total composition, more preferably about 1 to about 15 

3 g per 1(X) cal of total composition, most preferably about 2 

(M am s J \ eitc - i- (T-^ BSF) 1 , g per 100 cal of total composition. Since tiie myo-inositol is 

^" I * J a significant amount of the total carbohydrates of the diet, it 

is an advantage of the invention that fewer calcnies are 
and by subtractioD from total area (circ.V4 9c) ann fat area. 30 required for more easily metabolized carbohydrates such as 

An effective amount of myo-iDositd is about 0.05 to . glucose or sucrose, 

about 5 g per kg of total body mass per day. prefeired is Other than myo-inositol. the carbohydrate component of 

about 0.1 to about 5 g per kg of total body mass per day. the con^>ositloD of the invention can be any suitable carbo- 

more preferred is about 0.2 to about 3 g per kg of total body hydrate known In the art to be suitable for use in nutritional 
mass per day. and most prefeired is atx>ut 0.4 g per kg of 35 compositions. Typical carbohydrates, include sucrose, 

total body mass per day. fructose, xylitol. glucose, maltodextiin. lactose, com syrup, 

Myo-inositol for the invention can be obtained from . com syrq> solids, rice syrup solids, rice starch. nKxlified 

various commadal sources, such as Aldridt Chenucal Co„ com starch, modified tapioca starch, rice flour, soy flour, and 

Milwaukee, Wis. The method of the invention typically the like. It is preferred Aat part of the carbc^ydrate is fiber, 

results in lowering the plasma glucose level by at least 8%, 40 Examples of suitable fit>crs include sc^ fiber, pectin, oat 

prefaaUy about 10% to about 50%. fiber, pea fiber, guar gum. gum acacia, modified cellulose. 

In the method oi the invention the myo-inositol is admin- and the like. The tha is assumed to not contribute signifi- 

istercd in combination with a nutritional con^wsition com- - cantly to the caloric content of the conoposition since fiber is 

prised of protein, lipid, and caitwhydrate. Such composi- metabolized by the intestinal ton to a variable extent Fiber 

tioDS arc typically normal meals. Thus, the myo-inositol can 43 prcfaably courses about 0^% to about 4 g per 100 cal <tf 

be taken with a meaL just before a meaL or just after a meal total composition. 

The myo-inositol can be in die form of a tablet, c^sule, dry The lipid can be any lipid or fat known in the art to be 

powder, suspension, solution, etc. A preferred means of suitable for use in nutritional compositions. Typical lipid 

administering the myo-inositol is to incorporate the myo- scHiroes include milk fat, safSower oil. canola oiL egg yolk 

inositd into a nutritional composition which is subsequently so lipid, olive oiL cotton seed oil, coconut oiL palm oil, palm 

consumed by flic subJecL kernel oil, soybean oiL sunflower oil, fish ofl and fractions 

Thus, the present invention is also directed to a nutritional of all above oils derived thereof such as palm olein, medium 

composition comprising protein, lipid, carbohydrate, and an chain triglycerides (MOT), and esters of fatty acids wherein 

efiTective plasma glucose lowering amount of myo-inositoL the fatty adds are, for eiuunple, arachidonic acid, linoleic 

The nutritional composition of the present invention is 55 add. palmitic acid, stearic add, docosabexaeonic add. 

prefaably enteral; fliat is, it is designed for oral, intragastric, eicosapeotoenoic add. lioolenic add. ddc add, lauric add. 

or tran^yloric use. It is also preferred that the composition capric add, caprylic add, caprolc add. and the like. High 

is nutritionally complete. By the term "^nutritionally com- oldc forms of various oils are also contenqsiated to be useful 

idete** is meant that the composition contains adequate hcrdn sudi as high ddc sunflower oil and high oleic 

nutrients to sustain healdiy human life for extended periods. 60 safflowcroiL 

The conoposition of tfie invention may be an infant formula The protein can be any protein and/or amino add mixture 

or adult nutritional composition. The composition also can known in the art to l)e suitable for use in nutritional 

be milk-based, soy-based, or based on other nutrients. compositions. Typical protein sources arc animal protdn. 

The composition of the invention contains ingredients vegetable protein such as soy protein, milk jvoiein sudi as 

which are designed to meet the nutritional needs of 65 skim milk protein, whey protein and casein, and amino acids 

mammals, especially humans, such as a protein (amino add) (or salts thereof) such as isoleucine. phenylalanine, leucine, 

source, a lipid source, and a carbohydrate source. The lysine, methionine, threomne, ttyptophan. arginine. 
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glutaminc, taurine, valine, and the like A preferred protein The foDowing examples are to further illustrate the invcn- 

source is sodium cascinate or sodium calcium caseinate Uon but should not be interpreted as a limitation thereof, 
optionally supplemented with amino adds. 

Nutritionally complete con^sitions cootain all vitamins EXAMPLE 1 

and minerals understood to be essential in the daily diet and 5 p|^^ lo^^ ^ Myoinositol io 

these should be present in outntionalJy sigmficanl amounts. Rhesus Monkeys 
Those skilled In the art appreciate that minimum require* 

ments have been established for certain vitamins and min- Experimental Design 

erdslM arefaK>*ai tobei.eccssaorforno^ administration of myo-inositol and D-chiio- 

cat functioD. FtactiUonvs also uodentand that appropriate lO i„^.„,7Ar^- .IL '"y*^*"*^™ ™" 

«lditioi«lamounts(ovmges)ofvitamina.dmiBSi^ iToSiS^'^d'X-^lfJl complete KquKl diet, 

dients need to be irovid^d to compensate for some tots ^•^^''"T . ^ r • •. , 

during processing and storage ofsSd. compositions. Tic r^^llf^^^^^/^' ^ of my<Kinos,toi or 

convLftion of the invention preferably conLdns 100% of ^^1^ - ^r^^Z^' ^^'^^ , . 

•k- Ttc i> ^ jjT^-i Aii mTNAN- r/iA* * Route of adimmstration: Oral — ^mccMporatcd into Sustacal 

ftXLo^ZTsftil ^f-S^^ ^'i^" "•"ritionaUy complete^d diet available 

JZ^oi ""^"''*'"* ^^"^^ " ^ ^-"^ from Mead Johnson ft Co.. Evaisvillc. Ind.. U.S.A.) to be 

Zscled ; spedlic viumin or nuBcral compound to be "^^S rf ?5S^.lS?^S.**&T^^ 

used in the con,«sit.on requires considerati^^ . ^^I^^^TS^ s^^LS^'U^ 
^^L^Zt «»»>P«ibfl«y wrth the 20 3^^^.^ rf eith« DO or myo-in^itoHo^M!^ Sg: 

pr««ssiDg and shelf storage. Thi«e to five days of Ingestion of Sustacal Uqdd dirt 

Examples of mmersJs. vitamins and other nutnents or myt^inositol (blind) followed by-ooc 

ppuonaDy present in the composition of the uivention ^ ^ ^ ^ ^ JJ.^ ^ ^ 

indude vitamin A. vitamin B.. vitamin B,,. vitamin E .vZr.!.*. 7^ r<Z 7. . / • • ? 

vitaminK.vitami«C.foUc«dd.thiamine.iibJ,flavin.niacin. 25 Sve days of the rftcmative agent (given in random 

IS?; "^""^ Prep«ation of myo-inositol and DQ compound contain- 

^^^^^ k!^*^'"" •T!Jf"'-'?'*^ ^.^^^^^ ^ ca,«fol weighing of 

potassium, sodium^ beta^otene. padeobdes. sdenium. ^ and myi^inositolTDa 

chromiiBn. molybdenmn. and L-eamitine. Mincnds are usu- .^^^ ' .^^^ ^ ^...r^vT-A 

ally added in sah fona Id addition io compaiiHBty and 30 ^^.^ *^ Sus\»c»[ Lquid diet calculated to be 
«v V .v w vuiaiiBuuuiij BBv w jiijj^ ingested m approximately the first 80% of the food 

"^I^ '£!: . in"^ for the d5(to assure 'intake of full dose). TUc 

dflc •»! other vitamins wdl vapr somewhat technician was v«thout knowledge of whid, c«m. 

depending on the intended consumer popu^^oa ^ ^ ^ 

The compoadon of the invention ako^icdly contains • ^[^35 known due to addition of no agent), 

emulsincrs and/or stabilizers such as leothin. (e.g., egg or 33 2 Subtects 

soy), cairagcenan. xanthan gum, mono^ and diglycerides. ' ^ j . ^ mulattaW-Adult. ages 8 years 

guar gum, carbcxymethyl ceUulosc, stearoyl lactylatcs, sue- • ^ muMiia;— /*uuiu a^cs o yca« 

dnylated moDogiycerides, diacetyl tartaric acid esters of 

monoglyceridcs, polyglyoaol esters of fatty adds, or any moofccyi 

mixture thereof. 40 

Artificial sweeteners could also be added to the present Monkqrs included in this^ study ranged from h^je^ 

composition to enhance the organoleptic quaUty of the ^th post prandial glycosuria to mildly diabctic^The 

composition. Examples of artificial ^ectcners include '^?'^^ ^^^^^ ^ ^ O^"^^- 

saccharine, asparta^. and the like. Pl^^ Research Centc^, Umvcraty of Maiy- 

The composition of the invention may also optionaUy 43 TTie devdq>mcm of ips^^ 

contain natural or artifidal flavonints or colorantTsuch L ^"/^lony was first de^^^ 

vanilla, chocolate, coconut, banana, strawberry flavors. ^' Heterogeneity of insulm response: phases leading 

The osmolality of the liquid composition of the invention ^ ^ ^T'^^l^l^'^^'X^^'^^^ 

(When ready to^cnsume^is typlSTy about 100 to about t^^J:""^^^^ 

1100 mOsm/kg HA more typically about 250 to about 700 50 m^^eys were designated -p-. G . Jr\ir and D . 

mOsm/kg HjO 3. Outcome measures and effects monitored 

The comjKcition of the invention can be prepared by use roeasurcmcnU 

of standard techniques known in the nutritioDal art, for Sustacal was provided in measured quantity and total 

cxatqde by tedmiques analogous to those disclosed in U.S. deteimined daily. 

Fiat Nos. ASliXn and 4^97.800. the disclosures of whidi 35 b) Body weight: 

arc incoqrarated herein !^ reference in tiicir entirety. The Was obtained weekly by transfer fr<»n cage for weig}i- 

myo-inositol can be incoiporated into the composition as u>8 (acamcy to 1/10 kg), 

paot of the carbohydrate component or added sq>arateJy afta c) 24 hour urinary glucose: 

all other ingredients have been added. Deteimined quantitatively 

The composition of the invention can be sterilized, if 60 1) 3 days during die predosing period 

desired, by techniques known in the ait, for cxainple. heat 2) 3 days during the p<^od dosing DO and rayo- 

treatment such as auloclaving or xetortittg. inadiatioo, and inositol 

the like. Urine was collected directly into an iced container and 

The con^siticMi of the invention can be packaged in any frozen fCH* glucose analysts, 

type of container known in the art to be useful for storing 65 d) Meal tolerance test 

nutritional products such as glass, lined p^)erboardL plastic, A meal tolerance test was administered on the last day 

coated metal cans and the like. <^ die DO dosing period* (with DO in meal), and on 
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the last day of the myo-ioositol dosing period, (with 
myo in meal) and compared to baseline meal toler- 
ance tests (Sustaca] liquid diet only) obtained prior to 
initiation of agent Monkeys were anesthetized, and 
intravenous cannulas inserted two hours after 
conq^letioD of the meal (15 mis Sustacal/kg body 
weight). The same volume of Sustacal liquid di^t 
was given for each of the three tcrieraiice tests. Blood 
samples were obtained at 120. 150. 180. 210, 240, 
270 and 300 minutes following the meal. Plasma 
analyses included glucose and insulin 
determinations, glucose and insulin disappearance 
rates and glucose and insuHn responses. 

4» Statistical tests 
Paired t tests were used to identiiy significant changes 

between the DQ dosing values and the myo-inositol dosing 

values with the baseline value. 

5. Results 

The results of the study are shown in FIGS. 1-10. 

FIGS. 1-4 show the data for plasma insulin in four of the 
monkeys. As can be seen, administration of myo-inositol 
results in an even lower production of insulin than the 
control or administration of D-chiro-inositoL 

FIGS. 5-9 show the data for plasma glucose in the five 
' monkeys tested. As can be seen, administration of myo- 
inositol resulted in substantial lowering of the plasma glit- 
cose responses to the Sustaca] in the four monkeys with an 
-initial elevation -in plasma glucose concentration— even 
more than administration of D-duro-inositoL All data points 
(7 samples from each of the 5 monkeys) during the control 30 
period were paired with the data points during myo-inositd 
and DQ oonsuc^ticw and analyzed Control values were 
135±10 mg/dl compared to myo-inositol values of 103±S 
mg/dl (p<0.0001). 

FIG- 10 shows the data for urine glucose for four of the 35 
Ave monkeys. Analysis of paired data from all five monkeys 
showed that mean urine glucose exaction was significantly 
reduced from 43±14 g/d during the control period to 25±9 
g/d during the period of myo-inositol consumption 
(p<0.029). These data are consistent with the plasma glucose 40 
and insulin data. 

The meal tolerance test was repeated using 0.5 mg/kg 
total body weight per day of DQ and myo-inositc^. Plasma 
glucose responses were consistent with the data in FIGS. 
5-9. 

The results of the study demonstrate that myo-inositol 
was even more effective than DO in reducing Uie plasma 
glucose levels during the single meal tolerance test as well 
as the urinary excreticKi of glucose for the three days during 
which myo-inositol was a component of the diet. 
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100 sd. 


Vitsm^Qi C 




0 ^ 


<Vlfc WM| 




34 


TTwamttW-^ 




0.32 


Riboflavin, 




0.36 


Niacin^ inj 




4.2 






0.42 


VjfftfnWi B.- IM 




1.27 






25 


Piuitodiciuc Acid, IQg 






CKolniBt ma 






C&lcium, wg, 






FbofipbonB) ipg 






Iodine, 




12.7 


lion, utg 




1.52 


MagDcshiao, ma 




34 


Coppei, mg 




0.17 


Zinc, mg 




1.69 


Mu^anese, 




025 


Chlofide, iqg 




144 






(4.1 mEq) 






161 






(4.1 mEq) 






93 






(4mEq) 


SclCDIUD, fig 




8.5 


Obranuum, pg 




8.5 


Molybdenum, Mg 




21 


TaurizK, mg 




117 


L^amitine, mg 




19 


M])K>*II10S]lD^ g 
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The composition has the following caloric distribution: 






S^TSOCai 


Source 


Ctlories 


(8 floz) 


Pkolcfli 


17 


10/4 


socfium and calcium cascimte 






FBI 


37 


10.7 



partiaUy bydrogcnated soy oil 

MCTol 

Carbotg^drele* 



46 



29 



*eic hiding myomoRtol 



EKAMPLE2 

A typical nutritionally complete enteral composition of 
the invention has die following fonmila: 



100 mL 


Calories 


106 


Pkotein,g 


4.4 


Fat,g 


AS 


Cvbobydrate*, g 


113 


Dktaiy Fibei^ g 


1.44 


Wtter,g 


85 


VhaminA^ia 


420 


Vitamin D, lU 


34 


>^amiDE,nJ 


6.3 




10.6 



I daim: 

1. A method for treating diabetes in a human subject 
45 conq)rising orally administering to said subject a human 
nutritional composition con^^rising protda lipid and car- 
bohydrate in combination with an effective plasma glucose 
lowering amount of myo-inositol of about 0.05 to about 5 g 
per kg of total body mass per day. 
50 2. The method of claim 1 wherein said effective amount 
of myo-inositol is about 0.2 to about 3 g per kg of total body 
mass per day. 

3. The method of claim 1 whcrdn said nutritional com- 
position conqxises about 10% to about 15% protein, about 

55 35% to about 45% l^id. and about 38% Co about 52% 
caibohydrate, herein percentages of said nutritional com- 
position are based on the total caloric value of the compo- 
siticm. 

4. The method of claim 1 wherein the plasma glucose 
60 level is lowered by at least 8%. 

5. The method of daim 1 wherein tfie plasma glucose 
level is lowered by about 10% to about 50%. 

6. The method of daim 1 further comprising a dietaiy 
fiber content of about 0.5 to about 4 g per 100 cal of total 

65 composition. 

7. The method of claim 1 wherein said nutritional com- 
position comprises about 7% to about 30% protein, about 
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20% to about 56% lipid and about 20% to about 70% 14.The€oiiipositioD of claim IScon^siogabout I0%to 

cafbohydrate. wherein percentages of said nutritional com- about 15% protein, about 35% to about 45% lipid, and about 

position are based ob the total caloric value of the cozapo- 38% iq about 52% total cartxAydratc. whcrdn percentages 

sttion. ... of said composition are based on the total caloric value of 

8. The method of claim 7 wherein the nutntional com- 5 ^j^^ comDOsition 

posin'cm fuither conmrises vitamins and minerals. * r 1 • • • . 

9. Tbc method of daim 8 wherein the amount of vitamins 15. TTic coi^sinon of claim 13 imposing a^^^ 
and minerals supply 100% of the recommended daily allow- P^^^"' ^0% Lpid, and about 45% total carbohydrate, 
ance Id 500 to 2.500 cal of composition. percentages bang based on Ae total caloric value of the 

10. A nutritional composition con^sing protein, lipid. 10 composition. 

carbohydrate and an effective plasma glucose lowering 16- The composition of daim 10 further comprising 

amount of royo-inositoi of about 0.25 to 25 g per 100 cal cf vitamins and minerals. 

total composition. 17. The composition of claim 16 wherein the amount of 

11. Tbc composition of claim 10 con^sing about 7% to vitamins and minerals supply 100% of the recoimnendcd 
about 30% protein, about 20% to about 56% lipid, and about 13 aUowancc in 500 to 2.000 cal of composition. 

20% to about 70% total carbohydrate, wherein percentage jg composition of daim 17 further comprising at 

of said composition are based on mc total calonc value ci . ^ Tn . . • . 

the comporition following components: chromium, sdemum. 

12. The cQni>osition of claim 10 further conqarising molybdenum, carnitine, taurine, bcta^otene. one or more 
dietaryfibercontentof about0^toabout4gper lOOcalof 20 artifidal sweeteners, one or more cnmlsifiers, or one or more 
total composition. stabilizers. 

13. The composition of daim 10 whcrdn said effective 
Mood glucose lowering amount of royo-inositol is about 1 to 

about 15 g per 100 cal of total conqxxitioo. ***** 
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PARTIAL AND TOTAL TETRAHYDROBIOPTERIN-RESPONSIVENESS IN CLASSICAL 
AND MILD PHENYLKETONL'RIA (PKU) ^ 
JB Hennermann', B Vetter'. AE Kulozik". E Monch 

'Charite Childven's Hospital, Humboldt University Berlin. Germany; ' Children s Hospital. University 
Hospital Heidelberg, G e rmany , 

Hyperphenylalaninemia (HPA) is caused either by a deficiency of ihe phenylalanine hydroxylase 
(PAH) or bv a defect in the synthesis or regeneration of its coenzyme tetrahydrobiopterin (BH4). 
Recently a novel subtype of BH4-responsive HPA has been reported in several children with milder 
HPA. These children showed a decrease in serum phenylalanine concentrations after the application 
of BH4. but normal BH4 metabolism and mutations in the PAH gene. We will report 6 further cases 
of BH4-responsiveness in children with mild PKU and - for the first lime - with classical PKU; BH4- 
deficiency v^-as excluded in all children (N. Blau/Zurich). Mutation analysis revealed conjpound 
heterozysosity or homozygosity for a mutation in the PAH-gene in all patients. Four of them had not 
been described before in association with BH4-sensitive HPA (SI IOC pi29G, P21 IT, P281L). The 
children were treated over a period of 4-13 months (median: 8 months)' with BH4 in a daily dose of 
l-0=20-mpi:g:-ln children with mild PK\5 no- further dietary treatment -was necessaty^ whereas in - 
children with classical PKU phenylalanine tolerance was significantly elevated. In summary. BH4 
therapy succeeded in an increase of the daily phenylalanine tolerance of 180-1830 mg (median: 1 145 
mg). These data show, that BH4-sensitivit)y in PAH-deficiency is not only restricted to mild HPA and 
may improve phenylalanine tolerance in children with classical PKU as wdl. 



MILD CLINICAL PRESENTATION OF DIHYDROPTERIDINE REDUCTASE DEHCIENCV 
IN FOUR SIBLINGS 

V Konstantopoulou'. D Moslinger", N Blau\ W SperP. D Skladal' 
Universiiy Children's Hospiialsof'Jnn.\hruck and -Vienna. .Austria. 'Zurich, Switzerland and 
Children's Hospital. Sahhurg. Austria 

Dihydropieridine reductase (DHPR) deficiency is a recessively inherited disorder of tetrahydro- 
biopierine (BHj) recycling, that causes a severe deficiency of neurotransmitters in the brain. BH4 is an 
essential cofactor for phenylalanine, tyrosine and tryptophan metabolism. Most patients described 
show severe neurological symptoms (i.e. deterioration of skills, encephalopathy, microcephaly, mental 
retardation, epilepsy, pyramidal, cerebellar, extrapyramidal signs). 

We report four siblings (two girls, two boys: 13.5, 12. 10.5 and 0.7 years) with DHPR deficiency 
with enzyme activities of 0.3, 0.6. 0.5 and 0.36 mU/mg Hb (normal 2.0-5.0). The index patient (12 
years) was found through newborn screening with a phenylalanine concentration of 280 ^moI/L (4.7 
me/dl). In the siblings phenylalanine concentrations were below screening detection levels, and were 
diagnosed because of the index patient, who had decreased concentrations of 5-hydroxy indole acetic 
acid (median 21 nmol/L, range 5-66; i.e. 4.7 to 63% of lowest normal). 

In the first CSF samples, the three siblings showed normal concentrations that later decreased. All 
four have normal head circumferences (10th-50ih percentile). The index patient has a short 
concentration span and an IQ of 80, but none have severe neurological symptoms, even though 
because of non-compliance no specific therapy has been given in several years. DHPR deficiency has 
had a mild clinical course in this family so far. Residual activity of up to 30% seems to be sufficient to 
prevent severe neurological symptoms, although biochemically very low concentrations of neuro- 
transmitters were observed. 
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EXHIBIT K 



BY JOHN ISAACS, R.PH. 

Helping 

■K m mm m 

Medicine 

Go Down 

Tips are offered to assist parents in getting 
cilildren to swallow their 



'-v., rian, age six, cries so hard when he's given his asthma medication that 
\ the cablet shoots out ofhis mouth with his saliva, like a canoe donvn 
~ I Niagara Falls — chat s the description his mother gives. Emma hides 
/ J her anciconvulsanc capsule under her tongue, then sticks it some- 
place, like in her poodles coat. Timmy is 10, but he still gets worked 
up when he has a tablet or capsule in his mouth, because who can forget what it (eels 
like to have one stuck in the throat? Candice just runs. When caught, she puts her 
hands over her mouth or buries her mouth in a pillow, cushion or stuffed animal. 
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V, hild noncompliance 
'\ wich dosing regi- 
• ; ; mens is a lingering, 

• *. : often serious prob- 

. • Icm in die delivery 

x^J / of healthcare to 
• . • • . ^ children. Difficulty in 
swallowing medication is 
common among all age groups, and ic is 
especially prevalent among children and 
die elderiy. Many children have problems 
swallowing liquids, let alone tablets and 
capsules. Nearly half of children aged 
three in the U.S. have been given medica- 
tion, and it is estimated that half of 
American children in any two-week peri- 
od take their medication incorrecdy. 

Few studies to date have focused on 
how to equip pharmacists and other 
healthcare professionals with the skills 
necessary to teach a child how to swal- 
low medication with relative case. Yet 
there are a variety of measures that phar- 
macists can recommend to parents of 
children with swallowing difficulties. 

One significant dosing problem: When 
parents struggle to get their children to 
sv^ow medication without gagging or 
spitting it out, it becomes difficult to gauge 
the amount actually ingested, and some 
parents actually stop 
giving die medicadon 
in Older to not upset 
the child funhci: 

In many cases, the 
ublet or capsule b or 
can be made available 
in a chewable or liq- 
uid form — the phar- 
macist can even flavor 
the liquid. Often, die child's caretaker 
can crush the tablet and dissolve it in a 
palatable food or beverage. 

But liquids require careftil administra- 
tion. Pediatric journak and texts surest 
that compliance improves when admin- 
istering tablets or capsules vs. liquid. 
Patients comply with taking liquid med- 
ications only 60 percent as often as they 
comply with taking pills. 

One compliance issue is in the use of 
common household teaspoons, which 
have been shown to vary in capacity from 
2.5 to 9 mL. according to a 1975 study by 
Mattar, Markcllo and YaffcJ Also, padencs 
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and caretakers frequently forget to shake 
liquid suspensions, jeopardizing proper 
dosages. In one study. 70 percent of care- 
givers were unable to demonstrate both an 
accurately measured and correct liquid 
dose.^ The American Association of 
Poison Control Centers repotted in 1996 
diat more than 30,000 children ages six 
and under received inappropriate doses of 
pediatric acetaminophen products. And in 
the study by Mattar et al, mothers fre- 
qucndy reported that they did not fill die 
teaspoon, out of concern that the liquid 
would spill. The taste of liquid medica- 
dons can be a problem too— some are so 
unpalauble that they cannot be masked in 
something edible. In addition, many med- 
icauons arc not commercially available in 
chewable or liquid form, which brings us 
back to die pill. The importance— and 
difficulties— of pill swallowing increases 
dramaucally when treating chronic or seri- 
ous iUnesses. Common strat^es of dr- 
cumvendon, sudi as hiding, crushing or 
dissolving tablets, may not only affixi 
drug absorpuon and efficacy, but also cir- 
cumvent the real problem: The child lacks 
the necessary skills for swallowing pills. 

The pharmacist can direct the parent 
whose child cannot or will not swallow 



by suggesting that one of the following 
be altered: The consistency of material 
being swallowed; the child's body posi- 
tion; or the methcKi of presentation, 
which may change the way a child per- 
ceives the medication and swallows it. 

In addition, the pharmacist may rec- 
ommend a medical specialist who can 
introduce the parent to a combination of 
intervention strategies (relaxation, mod- 
eling, shaping, reinforcement) that have 
been successful in training children to 
svrallow pills. (See sid.har.) 

While instructions for taking most 
medicauons call for taking diem with 
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water, water is aaually the most difficult 
liquid for children to swallow. Thin liq- 
uids move quickly in the mouth and do 
not give the epiglottis dme to close fiiUy, 
thus increasing the chance of choking or 
aspirauon. Thicker liquids or a diickcr 
bolus slow down the oral stage of swal- 
lowing — ^die dme the tongue propels the 
matet^ .to the back of the mouth, whidi 
initiates the swallowing response. Many 
infants do fine with formula, for example, 
but have difficulty swallowing juice. Thus, 
the pharmacist may si^gest to a mother 
that she add medicadon to foods with a 
consistenqr that the child is used to swat 
lowing safely and easily. For babies, this 
food is typic^y rice formula or cereal For 
older children, pudding, applesauce, 
mashed potatoes and yogurt, or making a 
slit in a Jello cube, may work. Agents sikIi 
as TTiick & Easy, from American 
Insdtudonal Products, andThidc-It, from 
Diafbods, make the bolus more thick and 
dense and may be add«l to the foods and 
liquids used to help swallow medicadon. 

Children with Uamei dysphagia can 
be helped to swallow material of a consis- 
tency that they have not managed to 
swallow before. A child who has had a 
major choking episode, for example, or a 
kid who has had trou- 
ble swallowing lumps 
in fixxl, may want to 
try new foods or a 
bubble gum-flavoied 
suspeiuion but cannot 
because he has learned 
that anything with 
this consistency has 
made him "sidf in 
the past. Certain desensidzadon tech- 
niques, such as that reponed by Blount 
and I>ddqubt, may be helpful in these 
cases. For example, a sfat-ycar-old ^ was 
asked to imitate someone who placed and 
subsequendy swallowed a small candy on 
the back of his tongue. When die child 
succeeded on the first attempt in two 
consecudvc trials, she was rewarded with 
praise, hugs sind goodies. Then a larger 
piece of candy was modeled. The process 
was continued until the child was able to 
sv^low candy the approximate size of the 
medicadon prescribed.^ 

Children with low oral tone simply 
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Water is actually the 
most diffkniti liquid for 
children to swallow. 
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PILL SWALLOWING CAN BE TAUGHT 

TWO protocols for training pill swallowing have been proposed by 
Funk, MuHlns and Olson, one for chHdren with skills deficit, the other 
fbr children who exhibit behavioral noncompliance,* 

For children with skiuls OEFicrT. the following steps are sec nested: . 

•Reiaxatk>n: In a quiet environment, tell the chiki to breathe deeply 
and exhale stowly. 

O Modeling: Model swallowing v^^h a candy that can be easily swal- 
lowed and denrKjnstrate how to cope with failure (i.e., "I goofed up, 
but that's okay. I'U give ft another try). Make sure the child under- 
stands the difference between practice candy and real medicine. 

OPractk^e: Have the chikl place candy In his mouth, allow It to dissolve 
to the size he thinks he can swallow, then swalk>w. Taking It with water 
and head lifted can t>e encouraged. Support ihe chflc! in swaltowing 
the candy sooner (before ft shrinks). AHow the chikl to progress at his 
own pace; dont trick or shame the cNkJ Into swaltowing. 

•Reinforcement: Reward the cWW Immediately after he swaltows the 
candy. 

•Repeat: After two successful trials and reward, introduce slightly 
larger-size candy_ and_repe_at steps two to four. Repeat untU 
approximate pill size is reached. 

For children who won't swallow rlls (behavioral noncompuance), 

THESE STEPS ARE proposed: , ^ ^ 

•Reinfbrcement: Ihe chBd Is abundantly rewarded and praised in front 
of f^ly membere for promptly taking oral medication at scheduled 
times. The reason Ibr the reinforcement shoukl be stressed. 

•Extinction: THe chlWs attempts to delay administration of medica- 
tion should be Ignored by parents. The child shouW know the 
medtoatlon needs to be taken, but an explanation should not need 

to be repeated wtth each scheduled dose. 
•Time Out: A ChBd who refuses nriedicatoi shoukJ be placed i^ 

Infbrtrfng environment for a least 10 minutes. The chad is .-^quired to be 
qutetfor the last live n*iutes of this perkxJ. Time out should be repeat- 
ed until chiW Is con^tonL Caretakers rnust remain calm and sttek with 
the program If ft te to t)e successM. AH behavters (hkJing. phystoal 
resistance) that delay adnrinistratkxi of medtoalkxi must be met wfth 
tirne out or these behavk« wiB continue and become nrx>re ftrequen^ 



dont know what to do widi a pill in die 
mouth. Because these children have poor 
posterior lingual movcmeni. pilk stay in 
diclr mouths longer, making rfiem gag. 
Such children, who may have cxperiencal 
a major choking episode, or who have 
neurogenic, oral motor or speech prob- 
lems, can be helped in a number of ways. 
A rficrapist may bepn widi something 
dut die child can sv^^ow, like colored 
sugar, and dien introduce die child to 
larger foods, like sprinkles, dien Tic-Tacs, 
eventually getting to something that 
approximates die size of die pill die child 



needs to swallow. A soft spiked tooth- 
brush, such as Nuk NVis.sngc Brush from 
Gerber, can also be u%, a to wake up oral 
sensation and incrc.i.Nc lingual muscle 
tone. Pressure applied with die brush 
against the superior surface of the tongue 
(blade, dorsum or back) stimulates verncal 
conttaaion, and laicral/mcdial contrac- 
tions arc stimulated by pressure against 
die tongues lateral margins (sides). 

Kids with low or.i! tone are often 
encouraged by ^hcMi » .... t,, Jlow the 
water in their mouths lu Jo ihc work for 
diem. After placing die pill in his moudi, 



a child is encouraged to fill his mouth 
with water until his cheeks are ftill, and 
then focus on swallowing the entire bolus 
in as few swallows as possible. 

Or a child may be encouraged to place 
the pill under his tongue without hold- 
ing the pill down, relax and drink plenty 
of water. In both cases, the pill usually 
slides down easily. 

Children with oral hypersensitivity 
(children who have withstood much suc- 
tion or dental wodc) don't like the feci of 
hard things in their mouths. Children with 
a history of reflux often don't like lextuie. 
Kids who are droolers have a difficult time 
building the necessary intxa-oral pressure 
to push die pill back and duough the 
esophagus. Thus, when approached by a 
parent about her child's swallowing inabil- 
i^, it is vital diat the pharmacist obtain a 
detailed child history and refer the parent 
and child to die dentist, gastroenterology 
'speech''and language patholo^, or other 
appropriate medical specialisL 

The pharmacist should also inquire 
about a child's posture when medication is 
administered. A report in the British 
Medical Journal concluded that because 
there is a "posirive corrclauon between his- 
tory of dysphagia, difficulty in iswallowing 
tablets and sensadon of tablets sucking 
(mainly in die throat), and delayed cap- 
sule transit," it is important fi)r hcaldi pro- 
fessionab to "advise padcnts to cake drug^ 
with a drink while standing" in order id 
"avoid any local irritant eflfea of drug con- 
laa."* For adults and children who do not 
have swallowing difficulty, standing and 
ulung the head back b the staridard, efikc- 
tive way to swallow a pill (although for 
light capsules diat float on water, a for- 
ward head tilt may help to move die cap- 
sule to the posterior pan of the mouth). 
However, ft>r smaller children, and chil- 
dren with swallowing difficulty, **the tilted 
head should be in die same plane as the 
body," says Maxine Orringer, MA, CCC- 
SLP (certificate of dinicai competence in 
speech language pdiology) and supervi- 
sor. Department of Audiology and 
Communicadon Disorders of Pittsburgh's 
Children's Hospital Tipping die child 
back so the trunk and head arc in the same 
plane will allow him to achieve the benefit 
of die bolus, of gravity, and help prevent it 
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from washing into the airway." 

' For children who drool whch drink- 
ing, a slight head tilt is best w'hen taking 
medicauon. These children have a diffi- 
cult time keeping their lips together, and 
thus it's harder for them to build the oral 
pressure needed to push the pill back and 
through the esophagus. If a child has uni- 
lateral weakness when swallowing, have 
the child turn his head in the direaibn of 
the weaker side, so that whatever he is 
swallowing will go down the stronger 
side. Or, in order to get the bolus ball 
into the stronger section of the mouth, 
have the child with unilateral weakness 
ft/ his head to the stronger side. 
• To get the anention of a toddler, advise 
the parent to put the high chair against a 
wall. This reduces outside stimulation. 

The way medication is presented to 
children has much to do with their abili- 
ty' and willingness to swallow. Children 
have preconcehred nodons based on sight 
and smell about what they like and do 
not like. So giving the medication in an 
opaque cup may do the trick. Or placing 
a few drops of food coloring Oier &vorite 
color) onto the spoon or into the cup may 
make the medicadon look more yummy. 

Squirting the contents of an oral syringe 
or dropper into the cheek pouch will help 
bypass die bitter taste buds on the back of 
the tongue. The NumiMed medication 
dispenser, from Sham ofTampa, FL, helps 
babies "using natural instincts" to suck 
only as mudi from a nipple as they can 
swsJIow, reducing the chance of gagging 
and spitting out medicauon. The 
NumiMed bypasses most caste buds and 
sense of smell so babies take it easily. A 
strat^ for droolers and children with low 
oral tone, if die child is not a gagger, is to 
use oral syringes with plungers that bypass 
die anterior oral cavi^^ and push the med- 
ication further bade in the mouth. 

The Medidne Botde Co., Hinsdale, 
IL, markets the Rx Medibotde,^ which 
consists of an oral dispenser placed 
inside a botde. It offers die accuracy of 
using an oral dispenser while the botde 
makes it easy for a baby to drink. 

Some chUdren like to fed diey can con- 
trol how much liquid is ripped and poured 
into d)eir mouth at one rime. Cups with 
holes on die lid allow a more controlled 



flow of liquid. For die child i^^io is afiakl 
of choking and would rarfier dp die cup 
dian tilt his head way back, dieie aie Flew 
Cut Cups, Equipmetit Shop, BcdfenL 
MA, designed to be used widi die cut<out 
side away from the mouth, allowing die 
child s nose to (it into the cut-out when the 
cup is tipped for drinking. 

There is a rhythm, a stride, to how we 
eat, chew and swallow. A pharmacist can 
help parents by making them aware of 
factors that may cause a deterioration of 
their child's ability to swallow. Usually, 
children will chew something to a size 
that can be swallowed. Children with 
nasal congestion, however, lose their 
rhythm when chewing because they are 
abo using their mouths to breath. Saline 
drops, nasal decongestants or simply 
blowing the nose before the medicauon 
is administered can help the organiza- 
tion of the swallow. 

Many children have fatigue dysphagia, 
even within the course of a meal. A child 
may swallow well for the first 10 to 15 
minutes of a meal, but by the end of the 
meal he may have a signiiScant disorgani- 
zation of his swallow. Musde tone and 
organization can change with fatigue. For 
children with progressivdy labored meal- 
time swallowii^ medication thatneeds to 
be taken with food should be g^ven in the 
middle of die meal and not at the end. 

If there is flexibility in terms of when a 
pill can be administered, then the phar- 
macist can hdp parents by asking ques- 
tions that will hdp them gauge when dur- 
ing the day piU swallowing will be easiest 
to achieve. What meal is the child's best, 
lunch or dinner? Breakfast may be mis- 
leading, since swallowing and compliance 
may seem better because of lighter, , more 
liquid-based foods. When, during die day, 
does the child pay most anention to you 
and your directions? Typically, the worst 
time of day to give medication is at bed- 
time, when the child is tired and cranlgr. 

An 18-month-old giri who refused to 
accept pills into her mouth acquired pill- 
swallowing skills through a procedure 
called shaping, which is the systematic pro- 
vision and withholding of reinforcement 
while the child performs a series of approx- 
imarions to the desired behavior. For exam- 
ple, the pri was rewarded for toudiing her 



diedc widi die pill and later for/oudimg 
her Bps. dien teedi and later for toudi- 
ing h^^tongue widi die piD. She was Biul- 
hT^waided for pladng diepiU m» her 
ioudi and swaOowing it. Tlie procedure 
icquiied 25 sessions over one week. 

Often, a team appioadi is necessary i© 
assist a child who cannot or will not swal- 
bw medicadon. Specialists may be called 
upon in speech and language padiology, 
nutrition, neurology, dentistry, gastroin- 
testinal medicine, radiology, dioraac 
surgery and otolaryngology-hcad and nedc 
surgery. The pharmacist, because of his 
accessibility and knowledge of medica- 
tions, is likdy to be die first healdicare pro- 
fessional approached by a parent vAiosc 
child b having trouble swallowing liquids 
and pills. Thus it is vital diat the pharma- 
cist obtain a detailed child history, ask die 
parent significant questions about her 
diild (diet, behavior, healdi), and, ^cn 
indicated, recommend those in the team 
who can hdp the child swallow the med- 
ication that is so vital to his good health. ■ 
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Tptrahydrobiopterin-responsive phenylalanine 
li^droxylase deficiency 

S&i^co Kurt, MD, Dian-Chang Hou, MD, To^hihiro Ohura, MD, Hiroko Iwamoto, MD, 
Sbubei Suzuki, MD, Naruji Sugiyama, MD, Odomu Sakamoto, MD, Kunihiro Fufu, MD, 
Yoicht Motif uiara, MD, and KuniakiNaruawa, MD 



Serum phenylalanine concentrations decreased in A patients with hyper- 
phenylalaninemia after loading with tetrahydrobiopterin. There were no ab- 
normalities in urinaiy pteridine excretion or in dihydropteridine reductase 
activity. However, mutations were detected in the phenylalanine hydroxy- 
lase gene, suggesting a novel subtype of phenylalanine hydroxtylase defi- 
ciency that may respond to treatment with cofactor supplementation. 
(J Pcdiatr 1999;135:375-8) 



Hyperphenylalaninemia is caused by a 
deficiency of either phenylalanine hy- 
droxylase or its cofactor, tetrahydro- 
biopterin.^ Accurate differentiation is 
required because patients with the lat- 
ter disorder must be treated with the 
cofactor and/or neurotransmitter as 
early as possible to minimize irre- 
versible brain damage. BH4 and com- 
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bined phenylalanine and BH4 loading 
tests are currently used for differentia- 
tion, because the serum Phe concentra- 
tion decreases after BH4 administra- 
tion in BH4 deficiency, but not in PAH 
deficiency.^"^ 

Recently, we encountered patients 
with mild HPA whose elevated serum 
Phe concentrations gradually de- 
creased after oral administration of 
BH4. Urinaiy pteridines and dihy- 
dropteridine reductase activities were 
normal, suggesting that the patients 
were deficient in PAH rather than 
BH4. Because our results differed 
from published reports showing that 
patients with PAH deficiency do not 
respond to BH4, the nature of the 
metabolic defect was not clear. Molec- 
ular analysis of the PAH gene showed 
that mutations were present in all the 
alleles. 

Methods 

Patieni^ 

At neonatal screening the serum Phe 
concentrations of patients 1 to 5 were 
16, A, 10, 12, and 16 mg/dL, respective- 
ly. All patients were treated with a low- 



Phe diet (Phe, 50*60 mg/kg/d) to main- 
tain a serum Phe level below A mg/dL. 
All were considered to have a mild 
form of HPA because their serum Phe 
concentrations never exceeded 20 
mg/dL, even when they were not on 
the Phe-restricted diet. 




Biochemical Analy^ 

Urinary pteridine compounds were 
analyzed by high-performance liquid 
chromatography.^ DHPR activi^ was 
measured in Guthrie card specimens as 
described.^ 

BH4 Loading Te^t 

Patients received non-Phe-restricted 
meals 2 days before initiating the BH4 
loading test and during the test. The 
estimated Phe intake during the test 
was 80 to 90 mg/kg per day. BH4 
(Suntoiy, Tokyo, Japan) was adminis- 
tered orally in a loading test at a dose 
of 5 or 10 rog/kg, and blood samples 
were obtained at least 2 hours after 
each meal. Serum Phe concentrations 
were determined by using an automat- 
ed amino acid analyzer (L-8500; Hi- 
tachi, Hitachi, Japan). 

Mutational Anahf^i^ of PAH 
Gem 

Seven mutations prevalent in Asian 
patients with classical phenylketonuria 
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Figure. BH4 loading test In patients with PAH deficiency. A, Conventional proftocoL Arrow indicates 
time of oral BH4 administration (10 mg/kg body weight). Blood samples were collected to deter- 
mine serum Phe concentrations at 0. Z 4, and 24 hours after initiation of loading. Results are for pa- 
tients I, Z and 3 during infancy. B, Modified protocol. BH4 was administered orally 4 times. Arrows 
indicate times of BH4 administration at 0 ( 1 0 mg/kg), 24 ( 1 0 mg/kg), 36 (5 mg/kg)._and 48 hours (5 
mg/kg). Blood samples were obtained at 0, 4, 24, and 52 hours-These tests were performed In pa- 
tients 1.4.and5at 13. IXand 8 yearsof age.respectivei/ 



were screened by allele-specific ampli- 
fication. These mutations included 
Rl 1 IX, IVS4-1G-^A, Y204a R241C, 
R243Q, Y356X, and R413R Other 
mutations were identified by analyzing 
a minute amount of ectopically ex- 
pressed PAH messenger RNA in lym- 
ph oblasts established from our pa- 
tients. Briefly, the entire coding region 
of PAH complementaiy DNA was am- 
plified by reverse-transcription-medi- 
ated nested polymerase chain reaction. 
Nucleotide sequences of the amplified 
cDNA fragments were directly deter- 
mined by using a ThermoSequenase 
cycle sequencing kit (Amersham, Lit- 
tle Chalfont, England) and the A.L.F. 
automated DNA sequencer (Pharma- 
cia, Uppsala, Sweden). 

Results 

Serum Phe concentrations were ana- 
lyzed after oral administration of BH^, 
10 mg/kg body weight, to 3 patients 
with HPA (Figure, /4). Serum Phe con- 
centrations gradually decreased, never 



falling to the normal range for Phe (1 
to 2 mg/dL). This type of response 
contrasted sharply with findings from 
patients with a deficiency in the BH4 
synthesizing system (such as that of 6- 
pjrruvoyltctrahydropterin synthetase), 
in which the serum Phe concentration 
is typically normalized within 2 to 4 
hours of administration.^ 

The decrease of serum Phe concen- 
trations in our patients apparently did 
not reach the lowest level at 24 hours 
(Figure, A), To evaluate the extent to 
which the serum Phe concentration de- 
creased, we modified the BH4 loading 
protocol. The monitoring period was 
extended from 24 to 52 hours. Because 
the half-life of orally administered 
BH4 in serum was 1.1 and 3.5 hours in 
rats^ and humans (Suntoiy Co Ltd, 
unpublished data), respectively, BH4 
was administered again at 24 hours (10 
mg/kg body weight) and at 36 and 48 
hours (5 mg/kg body weight) to main- 
tain high plasma BH4 levels during the 
loading test. Patient 1 was re-evaluat- 
ed according to this modified protocol 
at the age of 1 .3 years. We were unable 



to obtain parental consent to perform 
the modified loading test on patients 2 
and 3. The serum Phe concentration 
gradually decreased and remained low 
for 24 hours (Figure, ^). These find- 
ings indicate that the response of pa- 
tient 1 to BH4 was reproducible and 
excluded the possibili^ of a transient 
neonatal form of BH4 deficiency.^^ 

A gradual response has also been 
found in some patients with a DHPR 
deficiency when a low dose of BH4 was 
used in the loading test.* Urlnaiy pteri- 
dine analysis disclosed neopterin/total 
pterin ratios of 48%, 53%, and 50% in 
patients 1, 2, and 3, respectively (nor- 
mal, 27% to 62%). DHPR activities in 
Guthrie card specimens from patients 
1, 2, and 3 were 0.89, 0.81, and 0.94 
nmol of cytochrome c reduced per 
minute per 3-mm diameter filter disk, 
respectively (normal, 0.8 to 1 .2). These 
3 patients were therefore unlikely to 
have biochemical abnormalities in the 
BH4 metabolic pathway. 

Patients with a PAH deficiency that 
responds to BH4 have not been de- 
scribed. We therefore analyzed our pa- 
tients further by mutational analysis of 
the PAH gene (Table). Five mutations 
(R252W^ IVS4.1G->A^ R413P*, 
R241C", and P407S^2) jj^ve been 
found in patients with classical PKU. 
The A373T mutation has not been de- 
scribed. Identification of a mutation in 
each PAH gene allele indicated that pa- 
tients 1 to 3 had a PAH deficiency. Ho- 
mozygotes of R252W, IVS4.1G->A, 
and R413P presented with clinical 
symptoms typical of classical PKU. 
Therefore these mutations appear to 
abolish PAH function. In contrast, the 
serum Phe concentrations of our pa- 
tients never exceeded 20 mg/dL, even 
when they were not on a Phe-restricted 
diet, suggesting that mutant PAH mol- 
ecules with P407S, A373T, and R241C 
have residual enzymatic activities. 

If responsiveness to BH4 is deter- 
mined by the nature of mutations, pa- 
tients who share identical mutations 
should respond similarly to BH4. To 
test this notion, we performed a BH4 
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loading test in patient A, whose muta- 
tions (R241C and R413P) were identi. 
cal to those in patient 3 (Table). Pa- 
* tient 4-was an-8-y ear- old-boy -with no- 
known relationship to patient 3. The 
serum Phe concentration in patient A 
decreased in response to BH4 in a 
manner similar to that in patient 3 
(Figure, E), We then examined the re- 
sponse to BH4 of patient 5, a 13-year- 
old girl with HPA. She shared the 
P407S mutation with patient 1 but had 
a nonsense mutation, RlllX, instead 
of the R413P mutation (Table). Her 
HPA was refractory to BH4 supple- 
mentation; the serum Phe concentra- 
tion decreased only slightly, returning 
within 36 hours to the level before 
loading (Figure, B). 

Discussion 

The mechanism of BH4 responsive- 
ness may be explained by distinct mu- 
tations in the PAH gene. Normal 
human PAH is present as a homote- 
tramer or a homodimer.'^ In patient 1, 
who responded well to BH4 therapy, 
P407S and R252W subunits should as- 
sociate to form various P407S/R262W 
hcteropolymers in addition to P407S 
and R262W homopolymers. Patient 5 
shared only one mutant allele (P407S) 
with patient 1 and responded poorly to 



BH4. The other RJJJX allele is sup- 
posed to generate a truncated PAH 
subunit that is unlikely to associate 

- with the P407S subunit. These-obser- 
vations suggested that the composition 
of the PAH subunits may be important 
for BH4 responsiveness. Namely, 
P407S/R252W hcteropolymers or 
R252W homopolymers, but not P407S 
homopolymers, probably form mutant 
PAH with a high Michaelis-Mentcn 
constant K^^ for BH4. It is likely that 
BH4 supplementation increased the 
intracellular BH4 concentration to re- 
store residual PAH activity and/or to 
stabilize the mutant PAH molecules. 
Likewise, R413P/R241C heteropoly- 
mers may constitute BH4-responsive 
PAH subunits in patients 3 and 4. 

Our results identified a novel sub- 
type of PAH deficiency and suggest 
the therapeutic potential of BH4. Clin- 
ical outcomes in HPA are sometimes 
unsatisfactoiy because of limited com- 
pliance with a strict Phe-restricted 
diet. To date, no supportive therapy 
has been established to allow a diet less 
restrictive in Phe. Micro-encapsulated 
Phe lyase and gene therapy are cur- 
rently under development, but neither 
is presently available for clinical use. 
Although BH4 therapy is not always 
effective in PAH deficiency, it may be 
beneficial to a subgroup of patients 

with specific PAH mutations. Indeed, 



the oral administration of BH4, main- 
tained sufficiently, allowed low serum 
Phe concentrations in patient 1 for 
-over-24-hours without a-Phe-rcstricted 
diet (Figure, B), All patients studied 
here had mild HPA, representing non- 
PKU HPA. However, some individu- 
als with PKU might be partially re- 
sponsive to BH4. Further studies of 
patients with HPA associated with var- 
ious mutations are necessary to evalu- 
ate the therapeutic potential of BH4 in 
PAH deficiency. 
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(DGLA) to arachidonic add (AA) and in the conversion of 
20:4n-3 to eicosapentaenoic acid (EPA). AAor polyunsatu- 
rated fatty acids produced therefrom may be added to 
pharmaceutical compositions, nutritional compositions, ani- 
mal feeds, as weU as other products such as cosmetics. 
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GCACGCCGACCGGCGCCGGGAGATCCTGGCAAAGTATCCAGAGATAAAfiTCCTTGATGAAACCTGATCCCAAT 
TTGATATGGAnATAAnATGATGGTTCTCACCCAGnGGGTGCArnrTACATAGTAAAAGACnGGACTGGA 
AATGGGTCATATrrGGGGCCTATGCGTTTGGCAGnGCAnAACCACTCAATGACTCTGGCTAnCATGAGAT 
TGCCCACAATGCTGCCmGGCAACTGCAAAGCAATGTGGAATCGCTGGTnGGAATGTTTGCTAATCTTCCT 
AnGGGAmCATAnCAATnCCTTTAAGAGGTATCACATGGATCATCATCGGTACCTTGGAGCTGATGGCG 
TCGATGTAGATATrCCTACCGATmGAGGGCTGGnCTTCTGTACCGCTTTCAGAAAGTTTATATGGGnAT 
TCmAGCCTCTCnnATGCCTTTCGACCTCTGnCATCAA CCCCA AACCAATTACGTATCTGGAAGnATC 
AATACCGTGGCACAGGTCACTmGACATmAAmATTACTTmGGGAAnAAATCCTTAGTCTACATGT 
TGGCAGCATCmACTTGGCCTGGGmGCACCCAAmCTGGACATTTTATAQCTGAGCAnACATGTTCTT 
AAAGGGTCATGAAACnACTCATATTATGGGCCTCTGAATTTACnACCTTCAATGTGGGnATCATAATGAA 
CATCATGATTTCCCCAACATTCCTG6AAAAAGTCTTCCACTGGTGAGGAAAATAGCAGCT6AATACTATGACA 
ACCTCCCTCACTACAATTCCTGGATAAAAGTACTGTATGATnTGTGATGGATGATACAATAAGTCCCTACTC 
AAGAATGAAGAGGCACCAAAAAGGAGAGATGGTGCTGGAGTAAATATCATTAGTGCCAAAGGGAnCnCTCC 
AAAACmAGATGATAAAATGGAATTTTTGCAnATTAAACTTGAGACCAGTGATGCTCAGAAGCTCCCCTGG 
CACAAmCAGAGTAAGAGCTCGGTGATACCAAGAAGTGAATCTGGCTTTTAAACAGTCAGCCTGACTCTGTA 
CTGCTCAGmCACTCACAGGAAACTTGTGACnGTGTAnATCGTCAnGAGGATGTTTCACTCATGTCTGT 
CATnTATAAGCATATCATnAAAAAGCnCTAAAAAGCTATTTCGCCAGG 
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nACCmTACGTCCGCTTCTTCCTCACTTATGTGCCACTATTGGGGCTGAAAGCnCCTGGGCCrnrCnC 
ATAGTCAGGTTCCTGGAAAGCAACTGGTTTGTGTGGGTGACACAGATGAACCATATTCCCATGCACATTGATC 
ATGACCGGAACATGGACTGGGTTTCCACCCAGCTCCAGGCCACATGCAATGTCCACAAGTCTGCCTTCAATGA 
CTGGTTCAGTGGACACCTCAACTTCCA6ATTGAGCACCATCTTTTTCCCACGATGCCTCGACACAATTACCAC 
AAAGTGGCTCCCCTGGTGCAGTCCTTGTGTGCCAAGCAT6GCATAGAGTACCAGTCCAAGCCCCTGCTGTCAG 
CCTTCGCCGACATCATCCACTCACTAAAGGAGTCAGG6CAGCTCTG6CTAGATGCCTATCTTCACCAATAA CA 
ACAGCCACCCTGCCCAGTCTGGAAGAAGAGGAGGAAGACTCTGGAGCCAAGGCAGAGGGGAGCnGAGGGACA 
ATGCCACTATAGmAATACTCAGAGGGGGTTGGGTTrGGGGACATAAAGCCTCTGACTCAAACTCCTCCCTT 
nATCnCTAGCCACAGTTCTAAGACCCAAAGTGGGGGGTGGACACAGAAGTCCCTAGGAGGGAAGGAGCT 
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GTCTmACTnGGCMTGGCTGGAnCCTACCCTCATCACGGCCnTGTCCTTGCTACCTCTCAGGCCCAAG 
CTGGATGGCTGCAACATGATTATGGCCACCTGTCTGTCTACAGAAAACCCAAGTGGAACCACCTTSTCCACAA 
AnCGTCAnGGCCACnAAAGGGTGCCTCTGCCAACTGGTGGAATCATCQCCACTTCCAQCACCACQCCAAG 
CCTAACATCTOCACAAGGATCCCGATGTGAACATGCTGCACGTGTTTGTTCTGGGCGAATGGCAGCCCATCG 
AGTACGGCAAGA 
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CAGGGACCTACCCCGCGCTACTTCACCTGGGACGAGGTGGCCCAGCGCTCAGGGTGCGAGGAGCGGTGGCTAG 
TGATCGACCGTAAGGT6TACAAGATCAGC-GAGTTCAGCCGCCGGCATCCAGGGG6CTCCCGGGTCATCAGCCA 
CTACGCCGGGCAGGATGCCACGGATCCCTTTGTGGCCTTCCACATCAACAAGGGCCnGTGAAGAAGTATATG 
AACTCTCTCCTGATrGGAGAACTGTCTCCAGAGCAGCCCAGCTTTGAGCCCACCAAGAATAAAGAGCTGACAG 
ATGAGnCCGGGAGCTGCGGGCCACAGTGGAGCGGATGGGGCTCATGAAGGCCAACCATGTCTTCTTCCTGCT 
GTACCTGCTGCACATCTTGCTGCTGGATGGTGCAGCCTGGCTCACCCmGGGTCTTTGGGACGTCCTTTTTG 
CCCTTCCTCCTCTGT6CGGTGCTGCTCAGTGCAGTTCA6GCCCAGGCTGGCTGGCTGCA6CATGACTTTGGGC 
ACCTGTCGGTCnCAGCACCTCAAAGTGGAACCATCTGCTACATCATHTGTGATTGGCCACCTGAAGGGGGC 
crrrGCCAGTTGGTGGAACCACATGCACTTCCAGCACCATGCCAAGCCCAACTGCTTCCGCAAAGACCCAGAC 
ATCAACAT6CATCCCTTCTTCTTTGCCTTGGGGAA6ATCCTCTCTGTGGAGCTT66GAAACA6AA6AAAAAAT 
ATATGCCGTACAACCACCAGCACARAT ACnCTTCCTAATTGGGCCCCCAGCCTTGCTGCCTCTCTACnCCA 
GTGGTATATmCTATmGTTATCCAGCGAAAGAAGTGGGTGGACTTGGCCTGGATCAGCAAACAGGAATAC 
GATGAAGCCGGGCnCCATTGTCCACCGCAAATGCnCTAAA 
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GCCACnAAAGGGTGCCTCTGCCAACTGGTGGAATCATCGCCACnCCAGCACCACGCCAAGCCTAACATCn 
CCACAAGGATCCCGATGTGAACAT6CTGCACGTGTTTGTTCTGGGC6AATGGCAGCCCATCGAGTACGGCAAG 
AAGAAGCTGAAATACCTGCCCTACAATCACCAGCACGAATACTTClTCCTGAnGGGCCGCCGCTGCTCATCC 
CCATGTATTTCCAGTACCAGATCATCAT6ACCATGATCGTCCATAAGAACTGGGTGGACCTGGCCTGGGCCGT 
CAGCTACTACATCCGGTTCnCATCACCTACATCCCTnCTACGGCATCCTGGGAGCCCTCCrnrCCTCAAC 
nCATCAGGnCCTGGAGAGCCACTGGTTTGTGTGGGTCACACAGATGAATCACATCGTCATGGAGATTGACC 
AGGAGGCCTACCGTGACTGGnCAGTAGCCAGCTGACAGCCACCTGCAACGTGGAGCAGTCCncnCAACGA 
CTGGTTCAGTGGACACCTTAACTTCCAGATTGAGCACCACCTCnCCCCACCATGCCCCGGCACAACnACAC 
AAGATCGCCCCGCTGGTGAAGTCTCTATGTGCCAAGCATGGCATTGAATACCAGGAGAAGCCGCTACTGAGGG 
CCCTGCTGGACATCATCAGGTCCCTGAAGAAGTCTGGGAAGCTGTGGCTGGACGCCTACCnCACAAATGAAG 
CCACAGCCCCCGGGACACCGTGGGGAAGGGGTGCAGGTGGGGTGATGGCCAGAGGAATGATGGGCnTTGTTC 
TGAGGGGTGTCC6AGAGGCTGGTGTATGCACTGCTCACGGACCCCATGTTG6ATCTTTCTCCCTTTCTCCTCT 
CCTTmCTCTTCACATCTCCCCCATAGCACCCTGCCCTCATGGGACCTGCCCTCCCTCAGCCGTCAGCCATC 
AGCCATGGCCaCCCAGTGCCTCCTAGCCCCTTCnCCAAGGAGCAGAGAGGTGGCCACCGGGGGTGGCTCTG 
TCCTACCTCCACTCTCT6CCCCTAAAGATQG6AGGAGACCAGCGGTCCATGGGTCTGGCCTGTGAGTCTCCCC 
TTGCAGCCTQGTCACTAGQCATCACCCCCGCmGGTTCTTCAGATGCTCTTGGQGTTCATAGQGGCAGGTCC 
TAGTCGGGCAGGGCCCCTGACCCTCCCGGCCTGGCnCACTCTCCCTGACGGCTGCCATTGGTCCACCCTTTC 
ATAGAGAGGCCTGCTTTGTTACAAAGCTCGGGTCTCCCTCCTGCAGCTCGGTTAAGTACCCGAGGCCTCTCn 
AAGATGTCCAGGGCCCCAGGCCCGCGGGCACAGCCAGCCCAAACCTTGGGCCCTGGAA6AGTCCTCCACCCCA 
TCACTAGAGTGCTCTGACCCTGGGCTnCACGGGCCCCATTCCACCGCCTCCCCAACTTGAGCCTGTGACCTT 
GGGACCAAAGGGGGAGTCCCTCGTCTCnGTGACTCAGCAGAGGCAGTGGCCACGnCAGGGAGGGGCCGGCT 
GGCCTGGAGGCTCAGCCCACCCTCCAGCTTTTCCTCAGGGTGTCCTGAGGTCCAAGAnCTGGAGCAATCTGA 
CCCnCTCCAAAGGCTCTGnATCAGCTGGGCAGTGCCAGCCAATCCCTGGCCATTTGGCCCCAGGGGACGTG 
6GCCCTG 
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GTCTmACmGGCAATGGCTGGATTCCTACCCTCATCACGGCCTnGTCCTTGCTACCTCTCAGGCCCAAG 
CTGGATGGCTGCAACATGATTATGGCCACCTGTCTGTCTACAGAAAACCCAAGTGGAACCACCnGTCCACAA 
AnCGTCATTGGCCACnAAAGGGTGCCTCTGCCAACTGGTGGAATCATCGCCACnCCAGCACCACGCCAAG 
CCTAACATCnCCACAAGGATCCCGATGTGAACATGCTGCACGTGTTTGnCTGGGCGAATGGCAGCCCATCG 
AGTACGGCAAGAAGAAGCTGAAATACCTGCCCTACAATCACCAGCACGAATACTTCTTCCTGATTGG6CCGCC 
GCTGCTCATCCCCATGTATTTCCAGTACCAGATCATCATGACCATGATCGTCCATAAGAACTGGGTG6ACCTG 
GCCTGGGCCGTCAGCTACTACATCCGGTTCnCATCACCTACATCCCTTTCTACGGCATCCTGGGAGCCCTCC 
TmCCTCAACnCATCAGGTTCCTGGAGAGCCACTGGTTTGTGTGGGTCACACAGATGAATCACATCGTCAT 
~ G6AGAHGAGCA66AGGC-iETAC-ei61^eT6GT^^ 

TTCTTCAACGACTGGnCAGTGGACACCTTAACTTCCAGATTGAGCACCACCTCTTCCCCACCATGCCCCGGC 

ACAACnACACAAGATCGCCCCGCTGGTGAAGTCTCTATGTGCCAAGCATGGCAnGAATACCAGGAGAAGCC 

6CTACT6AGGGCCCTGCT66ACATCATCAGGTCCCTGAAGAA6TCTGGGAAGCTGTGGCTGGAC6CCTACCTT 

CACAAATGA AGCCACA6CCCCC6GGACACCGTG6G6AAGGGGTGCAGGT6GG6TGATG6CCA6AG6AATGAT6 

GGCTTnGnCT6AGGGGTGTCCGA6AGGCTG6TGTATGCACTGCTCACGGACCCCATGTTG6ATCTnCTC 

CmCTCCTCTCCrmTCTCnCACATCTCCCCCATAQCACCCTQCCCTCATGGGACCTGCCCTCCCTCAGC 

CGTCAGCCATCAGCCATGGCCCTCCCAGTGCCTCCTAGCCCCTTCTTCCAAGGAGCAGAGAGGTGGCCACCGG 

GGGTGGCTCTGTCCTACCTCCACTaCTGCCCCTAAAGATGGGAGGAGACCAGCGGTCCATGGGrTCTGGCCTG 

TGAGTCTCCCCTTGCAGCCTGGTCACTAGGCATCACCCCCGCTTTGGncnCAGATGCTCnGGGGTTCATA 

GGGGCAGGTCCTAGTCGGGCAGGGCCCCT6ACCCTCCCGGCCTGGCTTCACTCTCCCTGACGGCTGCCATTGG 

TCCACCCTTTCATAGAGAGGCCTGCTrTGnACAAAGCTCGGGTCTCCCTCCTGCAGCTCGGnAAGTACCCG 

AGGCCTCTCTTAAGATGTCCAGGGCCCCAGGCCCGCGGGCACAGCWGCCCAAACCTTGGQCCCTGGAAGAGT 

CCTCCACCCCATCACTAGAGTGCTCTGACCCTGGGCmCACGGGCCCCAnCCACCGCCTCCCCAACrrcAG 

CCTGTGACCnGGGACCAAAGGGGGAGTCCCTCiSTCTCnGTGACTCAGCAGAGGCAGTGGCCACGnCAGGG 

AGGGGCCGGCTGGCCTGGAGGCTCAGCCCACCCTCCAGCTTTTCCTCAGGGTGTCCTGAGGTCCAAGATTCTG 

GAGCAATCTGACCCnCTCCAAAGGCTCTGTTATCAGCTGGGCAGTGCCAGCCAATCCCTGGCCATTTGGCCC 

CAGGGGACGTGGGCCCTG 
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CAGGGACCTACCCCGCGCTACTTCACCTGGGACGAGGTGGCCCAGCGCTCAGGGTGCGAGGAGCGGTGGCTAGTGATCGA 
rCGTAAGGTGTACAACATCAGCGAGnCACCCGCCGGCATCCAGGGGGCTCCCGGGTCATCAGCCACTACGCCGGGCAGG 
ATGCCACGGATCCCTTTGTGGCCnCCACATCAACAAGGGCCnGTGAAGAAGTATATGAACTCTCTCCTGAnGGAGAA 
CTGTCTCCAGAGCAGCCCAGCTTTGAGCCCACCAAGAATAAAGAGCTGACAGATGAGTTCCGGGAGCTGCGGGCCACAGT 
GGAGCGGATGGGGCTCATGAAGGCCAACCATGTCnCnCCTGCTGTACCTGCTGCACATCnGCTGCTGGATGGTGCAG 
CCTGGCTCACCCnTGGGTCTTTGGGACGTCCTTTTTGCCCnCCTCCTCTGTGCGGTGCTGCTCAGTGCAGnCAGCAG 
GCCCAAGCTGGATGGCTGCAACATGAnATGGCCACCTGTCTGTCTACAGAAAACCCAAGTGGAACCACCnGTCCACAA 
ATTCGTCAnGGCCACnAAAGGGTGCCTCTGCCAACTGGTGGAATCATCGCCACnCCAGCACCACGCCAAfiCCTAACA 
TCTTGCACAAGGATCCCGATGTGAACATGCTGCACGTGnTGnCTGGGCGAATGGCAGCCCATCGAGTACGGCAAGAAG 
AAGCTGAAATACCTGCCCTACAATCACCAGCACGAATACTTCTTCCTGATTGGGCCGCCGCTGCTCATCCCCATGTATTT 
" ^GAGTAGGAGATGATCATGAC-GATGATCGTCeATMGAACTGGGTGGAeCTGGCCTC 

TCTTCATCACCTACATCCCmCTACGGCATCCTGGGAGCCCTCCTTTTCCTCAACTTCATCAGGnCCTGGAGAGCCAC 

TGGTTTGTGTGGGTCACACAGATGAATCACATCGTCATGGAGATTGACCAGGAGGCCTACCGTGACTGGTTCAGTAGCCA 

GrJGACAGCCACCTGCAACGTGGAGCAGTCCnCTTCAACGACTGGTTCAGTGGACACCnAACnCCAGATTGAGCACC 

ACCTCnCCCCACCATGCCCCGGCACAACnACACAAGATCGCCCCGCTGGTGAAGTCTCTATGTGCCMGCATGGCAn 

GAATACCAGGAGAAGCCGCTACTGAGGGCCCTGCTGGACATCATCAGGTCCCT6AAGAAGTCTGGGAAGCTGTGGCTGGA 

CGCCTACCnCACAAATGAA GCCACAGCCCCCGGGACACCGTGGGGAAGGGGTGCAGGTGGGGTGATGGCCAGAGGAATG 

ATGGGCnnGnCTGAGGGGTGTCCGAGAGGCTGGTGTATGCACTGCTCACGGACCCCATGnGGATCTnCTCCC^ 

CTCCTCTCCTTmCTCnCACATCTCCCCCATAGCACCCTGCCCTCATGGGACCTGCCCTCCCTCAGCCGTCAGC 

AGCCATGGCCCTCCCAGTGCCTCCTAGCCCCnCTTCCAAGGAGCAGAGAGGTGGCCACCGGGGGTGGCTCTGTCCTACC^ 

TCCACTCTCTGCCCCTAAAGATGGGAGGAGACCAGCGGTCCATGGGTCTGGCCTGTGAGTCTCCCCnGCAGCCTGGTCA 

CTAGGCATCACCCCCGCTTTGGnCTTCAGATGCTCnGGGGnCATAGGGGCAGGTCCTAGTCGGGCAGGGCCCCTGAC 

CCTCCCGGCCTGGCnCACTCTCCCTGACGGCTGCCATTQGTCCACCCmCATAGAGAGGaTGCTnGnACAA^^ 

CGG6TCTCCCTCCTGCAGCTCGGTTAAGTACCCGAG6CCTCTCTTAAGATGTCCAGGGCCCCAGGCCCGCGGGCACAGCC 

AGCCCAAACCTTGGGCCCTGGAAGAGTCCTCCACCCCATCACTAGAGTGCTCTGACCCTGGGCTTTCACGGGCCCCATTC 

CACCGCCTCCCCAACTTGAGCCTGTGACCnGGGACCAAAGGGGGAGTCCCTCGTCTCTTGTGACTCAGCAGAGGCAGTG 

GCCACGnCAGGGAGGGGCCGGCTGGCCTGGAGGCTCAGCCCACCCTCCAGCTTTTCCTCAGGGTGTCCTGAGGTCCAAG 

AnCTGGAGCAATCTGACCCTTCTCCAAAGGCTCTGnATCAGCTGGGCAGTGCCAGCCAATCCCTGGCCATTTGGCCCC 

AGG6GACGTGGGCCCTG 
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FastA Match of Ma29 and contig 253538a 



SCORES Initl: 117 Initn: 225 Opt: 256 
Smith-Waterman score: 408; 27.0* identity in 441 aa overlap 

10 20 30 40 50 

Ma29 . pep MGTDQGia- - •FTVfEELAAHNTKDDLLUIRGRVYDVTKFLSRHPGGVDTLLLGAGRDVT 

II I llhhl :: hi :||::::| Mill " Ihhl 

253538a QGPTPRYFTWDEVAQRSGCEERWLVIDRKVYNISEFTRRHPG6SRVISHYAGQDAT 

10 20 30 40 50 

60 70 80 90 100 110 

Ma29.pep PVFEMYHAF-6AADAIMKKYYVGTLVSNELPIFPEPTVFHKTIKTRVEGYFTDRNIDPKN 

I : I I : I : : : I I II I I I II ' : I I ' ' 
253538a DPFVAFHINKGLVKKYMNSLLIGEL - SPEQPSF - EPTKNKELTDEFRELRATVERMGLMK 
60 70 80 90 100 110 

120 130 140 150 160 170 

Ma29 .pep RPEIWGRYALIFGSLIASYYAQLFVPFVVERTWLQVVF-AI IMGFACAQVGLNPLHDASH 
: : : : I : : : | • * ' | • • j ' • I • ' • • ' 1 1 • i 1 1 ' I 
253538a A[«HVF- -FLLYLLHiuLDGAAWLTLWVFGTSFLPFLLCAVLL^^ 

120 130 140 150 160 170 

180 190 200 210 220 

Ma29.pep FSVTHNPTVWKILGATHDF FNGASYLVWMYQHMLGHHPYTNIAGADPDVSTSE- • - 

:|| ::| hi :| I ::|ll I ::| : II II l|||: : 
253538a LSVYRKPK-WNHL- -VHKFVIGHLKGASANWWNHRH-FQHHAKPNIFHKDPDVNMLHVFV 

180 190 200 210 220 

230 240 250 260 270 280 

Ma29.pep • • • -PDVRRIKPNQKWF-VNHINQHMFV- -PFLYGLLAFKVRIQDINILYFVKTNDAIRV 
: : I : I : : 1 1 : : : : | : | | : | • M I • - : : : : 
253538a LGEWQPiEYGKKKLKYLPYNHQHEYFFLIGPPLLIPMYFQYQI - - - • IMTMI VHKNWVDL 
230 240 250 260 270 280 

290 300 310 320 330 340 

Ma29.pep NPISTWHTVMFWGGKAFFVWYRLIVPLQYLPLGKVLLLFTVADMVSSYWLALTFQANHVV 
:| : :: |1: | :|: | || :||::: :: | : | : ; : | ||:| 
253538a • - - -AWAVSYYI- • -RFFITY- - - IPF-YGILG-ALLFLNFIRFLESHWFVWVTQMNHIV 

290 300 310 320 330 



350 360 370 380 390 

Ma29 . pep EEVQWPLPDENGI IQKDWAAMQVEn- - • -QDYAHDSHLWTSITGSLNYQAVHHLFPNVS 

h |::: :|l : |: :| |:: Mill Ihl llll|:: 
253538a MEI DQEAY- -RDWFSSQLTATCNVEQSFFND- • -WFS- -GHLNFQIEHHLFPTMP 

340 350 360 370 
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~ 400 410 ' 420 ' '" 430 440 

Ma29 . pep QHHYPDI LAI IKNTCSEYKVPYLVKDTFWQAFASHLEHLRVLGLRPKEEX 

: I : I : : I : I : : : : I | 
253538a RHNLHKIAPLkkcAKHGIEYQEKPLLRALLDIIRSLKKSGKLWLDAYLHKX 
380 390 400 410 420 430 
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FastA Match of Ma524 and contig 253538a 

SCORES Initl: 231 Initn: 499 Opt: 401 
Smith-Waterman score: 620: 27.3* identity In 455 aa overlap 

10 20 30 40 50 59 

Ma524 . pep MAAAPSVRTFTRAEVLNAEALNEGKKDAEAPFLMI IDNKVYDVREFVPDHPGGSVILTH- 

I- I II II ::|l llh: W- lllll :::| 

253538a QGPTPRYFIWDEV AQRSGCEERWLVIDRKVYNISEFTRRHPGGSRVISHY 

10 20 30 40 50 

60 70 80 90 100 110 

Ma524 . pep VGKDGTDVFDTFHPEAAW- - ETLANFYVGDIDE- - - SDRDIKNDDFAAEVRKLRTLFQSL 
: 1 : 1 : 1 1 I ; 1 1 ; • i . . . i . 1 1 * * * | I * 1 1 ■ ■ ■ 

253538a AGQDATDPFVAFHINKGLVKKYMNSLLiGELSPEQPSFEPTKNidLTOE 

60 70 80 90 100 110 

120 130 140 150 160 170 

Ma524 . pep GYYDSSKAYYAFKVSFNLCIWGLSTVI VAKWGQTSTUNVLSAALLGLFWQQCGWLAHDF 
I : : :- I : I : : : :| || | :||:||: I III ||: 

253538a GLMKANHVFFLLYLLHILLLDGAAWLTLWVFG-TSFLPFLLCAVLLSAVQAQAGWLQHDY 
120 130 140 150 160 

ISO 190 200 210 220 230 

Ma524 . pep LHHQVFQDRFWGDLF6AFLG6VCQGFSSSMWKDKHNTHHAAPNVHGE0PDIDTHPLLTWS 

I -l-- hi hi :| |::|h =1 III l|: :|||:: :| 
253538a GHLSVYRKPKWNHLVHKFVIGHLKGASANWWNHRHFQHHAKPNIFHKDPOVN- • -ML- • • 
170 180 190 200 210 220 



Ma524.pep 
253538a 

Ma524 . pep 
253538a 



240 250 260 270 280 290 

EHALEMFSDVPDEELTRHWSRFMVLNQTWFYFPILS- • -FARLSWCLOSILFVLPNGQAH 
I : ; : : ; : | ; ; ; ; | ; 1 1 : : : : : : | : : : • I 

-HVF- VLffiWQPIEYGKWCLKYLPYNHQHEYFFLiGPPLLIPMYF^^^ IMTMI - - • ■ VH 
230 240 250 260 270 

300 310 320 330 340 349 

KPS6ARVPI SLVEQLSLAMHWTWYLA'mFLFIK - ■ DPVNMLVYFLVSQAVCGNLLAI VFS 
I : ::|| ::|: :: :| :: |::: :::::: | : 

K NWVDLAWAVSYYIRFFITYIPFYGILGALLFLNFIRFLESHWFVWVTQ 

280 290 300 310 320 



350 360 370 380 390 400 409 

Ma524.pep LNHNGMPVISKEEAVDMDFFTKQIITGRDVHPGLFANWFTGGLNYQIEHHLFPSMPRHNF 

-W I : :|l hh:|: : :|: ::| :||:| 1 1 : 1 1 1 1 1 1 1 1 : 1 1 1 1 1 : 
253538a MNHIVMEI- -DQEAYR-DWFSSQLTATCNVEQSFFNDWFSGHLNFQIEHHLFPTMPRHNL 
330 340 350 360 370 380 
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410 420 430 440 450 

Ma524.pep SKIQPAVETLCKKYNVRYHnGMIEGTAEVFSRLNEVSKAASKMGKAQX 

1 1 I I : : 1 1 I : : : : I : : : : : : : : | : : : | 
253538a HKIAPLVKSLCAKHGiEYQEKPLLRALLoi iRSLKKSGKLWLDAYLHKX 

390 400 410 420 430 

FIG.10B 
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ATGGCCCCCGACCCGGTGGCCGCCGAGACCGCGGCTCAGGGACCTACCCCGCGCTACnCACCTGGGACGAGG 
TGGCCCAGCGCTCAGGGTGCGAGGAGCGGTGGCTAGTGATCGACCGTAAGGTGTACAACATCAGCGAGnCAC 
CCGCC6GCATCCAGGGGGCTCCC6GGTCATCAGCCACTACGCCGGGCAG6ATGCCAC G6ATCC CTTTGTGGCC 
nCCACATCAACAAGGGCCTTGTGAAGAAGTATATGAACTCTCTCCTGAnGGAGAACTGTCTCCAGAGCAGC 
CCAGCTTTGAGCCCACCAA6AATAAAGAGCTGACAGATGAGTTCCGGGAGCTGCGGGCCACAGTGGAGCGGAT 
GGGGCTCATGAAGGCCAACCATGTCnCTTCCTGCTGTACCTGCTGCACATCTTGCTGCTGGATGGTGCAGCC 
TGGCTCACCCTnGGGTCTnGGGACGTCCTTTTTGCCCnCCTCCTCTGTGCGGTGCTGCTCAGTGCAGTTC 
AGGCCCAGGCTGGCTGGCTGCAGCATGACTTTGGGCACCTGTCGGTCTTCAGCACCTCAAAGTGGAACCATCT 
GCTACATCATnTCTGATTGGCCACCTGAAGGGGGCCCCCGCCAGnGGTGGAACCACATGCACnCCAGCAC 
CATGCCAAGCCCAACTQCmCGCAAAGACCCAGACATCAACATGCATCCCncnCTTTGCCnGGGGAAGA 
TCCTCTCTGTGGAGCTTGGGAAACAGAAGAAAAAATATATGCCGTACAACCACCAGCACAAATACTTCTTCCT 
AAnGGGCCCCCAGCCTTGCTGCCTCTCTACmCAGTGGTATATTnCTATTrTGnATCCAGCGAAAGAAG 
TGGGTGGACTTGGCCTGGATGATTACCTTCTACGTCCGCncnCCTCACTTATGTGCCACTAnGGGGCTGA 
AAGCCTTCCTGGGCCTTrrcnCATAGTCAGGTTCCTGGAAAGCAACTGGTTTGTGTGGGTGACACAGATGAA 
CCATATTCCCATGCACATTGATCATGACCGGAACATG6ACTGG6TTTCCACCCAGCTCCTGGCCACATGCAAT 
GTCCACAAGTCTGCCTTCAATGACTGGnCAGTGGACACCTCAACnCCAGATTGAGCACCATCTTnrCCCA 
CGATGCCTCGACACAAnACCACAAAGTGGCTCCCCTGGTGCAGTCCTTGTGTGCCAAGCGTGGCATAGAGTA 
CCAGTCCAAGCCCCTQCTGTCAGCCTTCGCCGACATCATCCACTCACTAAAGGAGTCAGGGCAGCTCTGGCTA 
GATGCCTATCTTCACCAATAA 
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Human DS-desaturase 




1 


MAPDPVAAET AAQGPTPRYF TWDEVAQRSG CEERWLVIDR 


KVYNISEFTR 


51 


RHPGGSRVIS HYAGQDATDP FVAFHINKGL VKKYMNSLLI 


GELSPEQPSF 


- Ml , 


-EPTKNKELID-E-ERELRATVE-RMGLMKAMHV-fFLLYLLHIL 


LLDGAAWLTL 


151 


WVFGTSFLPF LLCAVLLSAV QAQA6WLQHD FGHLSVFSTS 


KWNHLLHHFV 


201 


IGHLKGAPAS WWNHMHFQHH AKPNCFRKDP DINMHPFFFA 


LGKILSVELG 


251 


KQKKKYMPYN HQHKYFFLIG PPALLPLYFQ WYIFYFVIQR 


KKWVDLAWNI 


301 


TFYVRFFLTY VPLLGLKAFL GLFFIVRFLE SNWFVWVTQM 


NHIPMHIDHD 


351 


RNMDWVSTQL LATCNVHKSA FNDWFSGHLN FQIEHHLFPT 


MPRHNYHKVA 


401 


PLVQSLCAKR GIEYQSKPLL SAFADIIHSL KESGQLWLDA 

FIG. 13 


YLHQ* 
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pRAE-7 Complete Sequence 

10 20 30 40 

* ** * * ** 

CTC CTG GAG CCC GTC ACT ATC GGC GGA ATT CCG GCA GTT CAG GCC CAG 
Leu Leu Glu Pro Val Ser He Gly Gly He Pro Ala Val Gin Ala Gln> 
a a_a a_TRANSLATION OF PRAE-7 MV CA]_a a a a > 

50 60 70 80 90 

********** 

GCT GGC TGG CTG CAG CAT GAG TTT GG6 CAC CTG TCG GTC TTC AGC ACC 
Ala Gly Trp Leu Gin His Asp Phe Gly His Leu Ser Val Phe Ser Thr> 
a a a a TRANSLATION OF PRAE-7 MV [A] a a a a > 



100 110 120 130 140 

** * * * * if if if 

TCA AAG TOG AAC CAT CTG CTA CAT CAT TTT GTG AH GGC CAC CTG AAG 
Ser Lys Trp Asn His Leu Leu His His Phe Val He Gly His Leu Lys> 
— a — a- a — aaRAN$W-IM-0F-PRA£-7-MV-E^^ -a— a > 

150 160 170 180 190 

** * ** * ** * * 



GG6 GCC CCC GCC AGT TGG TGG AAC CAC ATG CAC TTC CAG CAC CAT GCC 
Gly Ala Pro Ala Ser Trp Trp Asn His Met His Phe Gin His His Ala> 
a a a ^a_TRANSLATION OF PRAE-7 MV [A]_a a a a > 

200 210 220 230 240 

********** 

AAG CCC AAC TGC TTC CGC AAA GAC CCA GAC ATC AAC ATG CAT CCC TTC 
Lys Pro Asn Cys Phe Arg Lys Asp Pro Asp He Asn Met His Pro Phe> 
a a a aJRANSLATION OF PRAE-7 MV [A3_a a a a > 

250 260 270 280 

* ** ♦ if if if ie if 

nC TTT GCC HG GGG AAG ATC CTC TCT GTG GAG CTJ GGG AAA CAG AAG 
Phe Phe Ala Leu Gly Lys He Leu Ser Val Glu Leu Gly Lys Gin Lys> 
a a a a_TRANSLATION OF PRAE-7 MV [A]_a a a a ^> 

290 300 310 320 330 

********** 

AAA AAA TAT ATG CCG TAC AAC CAC CAG CAC AAA TAC TJC TTC CTA AH 
Lys Lys Tyr Met Pro Tyr Asn His Gin His Lys Tyr Phe Phe Leu Ile> 
a__a__a a TRANSUTION OF PRAE-7 MV [A]_a a a a ^> 

FIG.15A 
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340 350 360 370 380 

** * ** * ** * 

GGG CCC CCA GCC TTG CTG CCT CTC TAC TTC CAG TGG TAT ATT TTC TAT 
Gly Pro Pro Ala Leu Leu Pro Leu Tyr Phe Gin Trp Tyr He Phe Tyr> 
a a a a_TRANSUTION OF PRAE-7 MV [A]_a a a a > 

390 400 410 420 430 

********** 

nr 6TT ATC CAG CGA AAG AAG TGG GTG GAC HG GCC TGG ATG ATT AGO 
Phe Val He Gin Arg Lys Lys Trp Val Asp Leu Ala Trp Met He Thr> 
a a a a_TRANSLATION OF PRAE-7 MV [A] a a a a > 

440 450 460 470 480 

********** 

TTC TAC GTC CGC TTC TTC CTC ACT TAT GTG CCA CTA HG GGG CTG AAA 
Phe Tyr Val Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lys> 
a a a a_TRANSUTION OF PRAE-7 MV [A]_a a a a > 

490 500 510 520 

********* 

-— GCC=TrC^CTG~GQC CTT-rre TTC ATA GTC AGG~TTC CTG GAA AGC AAC TGG 
Ala Phe Leu Gly Leu Phe Phe He Val Arg Phe Leu Glu Ser Asn Trp> 
a a a a_TRANSLATION OF PRAE-7 MV [A] a a a a > 

530 540 550 560 570 

* *♦ ♦ * * * * * * 

TTT GTG TGG GTG ACA CAG ATG AAC CAT ATT CCC ATG CAC ATT GAT CAT 
Phe Val Trp Val Thr Gin Met Asn His He Pro Met His He Asp His> 
a a a a TRANSLATION OF PRAE-7 MV [A] a a a a > 

580 590 600 610 620 

********* 

GAC CGG AAC ATG GAC TGG GTT TCC ACC CAG CTC CAG GCC ACA TGC AAT 
Asp Arg Asn Met Asp Trp Val Ser Thr Gin Leu Gin Ala Thr Cys Asn> 
_a a a aJRANSLATION OF PRAE-7 MV [A] a a a a ^> 

630 640 650 660 670 

********** 

GTC CAC AAG TCT GCC HC AAT GAC TGG TTC A6T GGA CAC CTC AAC TTC 
Val His Lys Ser Ala Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe> 
a a a a_TRANSUTION OF PRAE-7 MV [A] a a a a > 

680 690 700 710 720 

* * ** * ** * ** 

CAG AH GAG CAC CAT CTT TTT CCC ACG ATG CCT CGA CAC AAT TAC CAC 
Gin He Glu His His Leu Phe Pro Thr Met Pro Arg His Asn Tyr His> 
a a a a_TRANSLATIOM OF PRAE-7 MV [A]_a_a_a__a > 

FIG.15B 
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730 740 
* * * * 

AAA GTG GCT CCC CTG GTG CAG TCC 
Lys Val Ala Pro Leu Val Gin Ser 
a a a a TRANSUTION OF 



750 760 
* * * * * 

TTG TGT GCC AAG CAT GGC ATA GAG 
Leu Cys Ala Lys His Gly He Glu> 
PRAE-7 MV [A] a a a a > 



770 780 790 800 810 

********** 

TAC CAG TCC AAG CCC CTG CTG TCA GCC TTC GCC 6AC ATC ATC CAC TCA 
Tyr Gin Ser Lys Pro Leu Leu Ser Ala Phe Ala Asp He He His Ser> 
a a a a_TRANSLATION OF PRAE-7 MV [A]_a a a a > 

820 830 840 850 860 

********* 

CTA AAG GAG TCA GGG CAG CTC TGG CTA GAT GCC TAT CTT CAC CAA TAA 
Leu Lys Glu Ser Gly Gin Leu Trp Leu Asp Ala Tyr Leu His Gin ***> 
a a a a TRANSUTION OF PRAE-7 MV [A3__a a a a ^> 

FIG.15C 



U.S. Patent Aug. 6, 2002 sheet 20 of 48 US 6,428,990 Bl 



FastA Match of the Gene in pRAE-7 and the M. alpina 
OS-desaturase (Ma29) Translated Sequences 

SCORES Initl: 62 Inltn: 105 Opt: 245 

Smith Waterman score: 271: 28.4* identity in 292 aa overlap 

10 20 30 40 

pRAE-7.pep LLEPVSIGGIPAVQAQAGWLQ-HDFGHLSV-FSTSKWNHL--LH 

Ma29 . pep ASYYAQLFVPFVVER7WLQVVFAI IMGFACAQVGLNPLHDASHFslmNPTVWKI LGATH 
140 150 160 170 180 190 

50 60' 70 80 90 

pRAE-7. pep HFVIGHLKGAPASWWNHMH-FQHHAKPNCFRKDPDINM-HPFFFALGKILSVELGKQKKK 

I ::|| I ::| : || I |||:: :| :|: | ::| 

Ma29 .pep DF- - - - FNGASYLVWMYQHMLGHHPYTNIAGADPDVSTSEP DVRRIKPNQK 

- . ■ .-zr^-200- --- -ziQ - -220---- 230 



100 110 120 130 140 149 



pRAE-7.pep YMPYNH- QHKYF-FLIGPPALLPLYFQWY 

II II : II I |: : 
Ma29 . pep WF- VNHINQHMFVPFLYGLLAFKVRIQDIN 



FYFVIQ- • • -RKKWVDLAWMITFY- -VRF 

:||| I : : h I 

LYFVKTNDAIRVNPISTWnVMFWGGKAF 



240 250 260 270 280 290 

150 160 170 180 190 

pRAE-7.pep FLTY- - -VPL- -LGLKAFLGLFFIVRFLf SNWFVWVTQMNHIPMHID- - HORN- • • -MO 
I : I III II I 1 1 : : : : I I : : : I 1 1 : : : : j : | j 
Ma29 . pep FVWYRLI VPLQYLPLGKVLLLFTVADMVSSYWLALTFQANHWEEVQWPLPDENGI IQKD 
300 310 320 330 340 350 

200 210 220 230 240 250 

pRAE-7.pep WVSTQLQATCN-VHKSAFNDWFSGHLNFQIEHHLFPTMPRHNYHKVAPLVQSLCAKHGIE 

|:: h::| : -'I I : ::i l|:| llll|:: :|:| : :::: |::: : 
Ma29 . pep WAAMQVEHQDYAHDSHLlfTSITGSLNYQAVHHLFPNVSQHHYPDILAI IKNTCSEYKVP 
360 370 380 390 400 410 

260 270 280 

pRAE-7.pep YQSKPLLSAFADIIHSLKESGQLWLDAYLHQX 

I I : :|li: |: I 
Ma29 . pep YLVKDTFWQAFASHLEHLRVLGLRPKEEX 
420 430 440 

FIG.16 
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FastA Match of the Gene in pRAE-7 and M. alplna 
D6-desaturase (Ma524) Translated Sequences 

SCORES Inltl: 278 Initn: 483 Opt: 301 
Smith-Waterman score: 498: 31.9* identity in 285 aa overlap 



pRAE-7.pep 
Ma524.pep 

pRAE-7.pep 
Ma524.pep 

pRAE-7.pep 
Ma524.pep 

pRAE-7.pep 
Ma524.pep 

pRAE-7.pep 
Ma524.pep 

pRAE-7.pep 
Ma524.pep 



10 20 30 40 

LLEPVSIGGIPAVQAQAGWLQHDFGHLSVFSTSKWNHLLHHFVI6 

GLSTVIVAKWGQTSTUyWLSAALLaFWQWWiWHQVFQDRFra 
140 150 160 170 180 190 



50 60 70 

HLKGAPASMWNHMHFQHHAKPNCFRKDPD 

:| I III il :||| 

VCQGFSSSWWKDKHim«IAAPNVHGEDPD: 
200 210 -220 



80 90 
NMHPFF- - - - FALGKILSV- - -ELGKQKKK 

•II'- 1 1 • ■ i 1 1 • • • • 
DTHPLLTWSEHALEMFSDVPDEEL7RMWSR 
230 240 250 



140 

IQRKKWVDLAWMITF 



100 110 120 130 
YMPYNHQHKYFFLIGPPALLPLYFQWYIFYFV 

:| I I ::| I II :| '-l |: : ::|| |: 

FMVLN-QTWFYFPILSFARLSWCLQSILFVLPNGQAHKPSGARVPISLVEQLSLAMHtflW 
260 270 280 290 300 310 



150 160 170 180 190 200 

YVRFFLTYV- -PLLGLKAFLGLFFIVRFLESNWFVWVTQMNHIPMHI- - -DHDRNMDWVS 
|: :: |: :| |:: : : :| :: | ::|| j : :: :||: : 
YLATMFLFIKDPV- • - -NMLVYFLVSQAVCGNLLAIVFSLNHNGMPVISKEEAVDMDFFT 
320 330 340 350 360 370 

210 220 230 240 250 260 

TQLQATCNVHKSAFNDWFSGHLNFQIEHHLFPTHPRHNYHKVAPLVQSLCAKH6IEYQSK 

h : :|| : I :||:| 1 1 : 1 1 1 1 1 1 1 1 : 1 1 1 1 1 : I : I hUl |::::|:: 
KQIITGRDVHPGLFANWFTG6LNYQIEHHLFPSMPRHNFSKIQPAVETLCKKYNVRYHTT 
380 390 400 410 420 430 

270 280 
PLLSAFADI IHSLKESGQLWLDAYLHQX 

: : : I : : : | : j 
GMIEGTAEVFSRLNEVSKAASKMGKAQX 

440 450 



FIG.17 
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FastA Match of the Gene in pRAE-7 and contig 2535 

SCORES Initl: 1028 Initn: 1424 Opt: 1430 

Smith -Waterman score: 1430: 71,0* identity in 276 aa overlap 

10 20 30 40 50 

pRAE- 7. pep LLEPVSIGGIPAVQAQAGWLQHDFGHLSVFSTSKWNHLLHHFVIGHLKGAPA 

2535 VFYFGNGWIPTLITAFVLATSQAQAGlllLQH^HLSVYRKPK^^ 

10 20 30 40 50 60 

60 70 80 90 100 110 

pRAE • 7 . pep SWWNHMHFQHHAKPNCFRKDPDI NM - HPFFFALGKI LSVELGKQKKKYMPYNHQHKYFFL 
•UN lllllllil hill|:|| I i:||: :| ||:| 1 1 : 1 1 1 i 1 1 : 1 1 1 1 
2535 NWWNHRHFQHHAKPNIFHKDPDVNMm- • VFVLGEWQPIEYGKKKLKYLPYNHQHEYFFL 

70 80 90 100 110 

120 130 140 ISO 160 170 

pRAE-7.pep IGPPALLPLYFQWYIFYFVIQRKKWVDUWMITFYVRFFLTYVPLLG-LKAFLGLFFIVR 

Mil h|:|||: |:: :| :|:|||III : :: | : 1 1 1 : 1 1 : | : | | |:| | || | 
2535 1GPPLLIPMYFQYQIIMTMIVHKNWVDLAWAVSYYIRFFITYIPFYGIL6ALLFLNFI-R 
120 130 140 150 160 170 

180 190 200 210 220 230 

pRAE- 7. pep FLESNWFVWVTQMNHIPMHIDHDRNMDWVSTQLQATCNVHKSAFNDWFSGHLNFQIEHHL 
lllhlllllllllll |:||:: II hll I i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

FLESHHFVWVTQMIWIVMEIDQEAYRDWFSSQLTATCWEQSFFNDWFSGHLNFQID*IL 
180 190 200 210 220 230 

240 250 260 270 280 



2535 



pRAE-7.pep FPTMPRHNYHKVAPLVQSLCAKHG 

llllllll Ihlllhlllllll 

2535 FPTMPRHNLHKIAPLVKSLCAKHG 



EYQSKPLLSAFADI IHSLKESGQLWLDAYLHQX 

III INI h ll|:|||:||:||||||||:| 
EYQEKPLLRALLDIIRSLKKSGKLWLDAYLHKXSH 



240 250 260 270 280 290 

2535 SPRDTVGKGCRWGDGQRNDGLLFXGVSERLVYALLTDPMLDLSPFLLSFFSSHLPHSTLP 
300 310 320 330 340 350 

FIG. 18 



U.S. Patent Aug. 6, 2002 Sheet 23 of 48 US 6,428,990 Bl 



FastA Match of the Gene in pRAE-7 and contig 38 

SCORES Initl: 965 Initn: 965 Opt: 968 
Sinith-Waterman score: 968: 97.0* identity in 133 aa overlap 

10 20 30 39 

pRAE-7.pep LLEPVSIGGIPAVQAQAGWLQHDFGHLSVFSTSKWNHLL 

38 LHILLLDGAAWLTLWVFGTSFLPFLLCAVLLSAVQAQAGWLQHDFGH^ 

1-30 140 150 — 160 170 180 

40 50 60 70 80 90 99 

pRAE- 7. pep HHFVIGHLK6APASWWNHMHFQHHAKPNCFRKDPDINMHPFFFALGKILSVELGKQKKKY 

190 200 210 220 230 240 

100 110 120 130 140 150 159 

pRAE-7.pep MPYNHQHKYFFLIGPPALLPLYFQWYIFYFVIQRKKWVDLAWMITFYVRFFLTYVPLLGL 

IIIMII lllllllilllillllllllllllllllllllN: 
38 MPYNHQHXYFFLIGPPALLPLYFQWYIFYFVIQRKKWVDLAWISKQEYDEAGLPLSTANA 
250 260 270 280 290 300 

160 170 180 190 200 210 219 

pRAE- 7 . pep KAFLGLFFIVRFLESNWFVWVTQMNHIPMHIDHDRNMDWVSTQLQATCNVHKSAFNDWFS 

38 SK 

FIG. 19 
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FastA Match of the N-terminus of Clone A-1 and 
Human Cytochrome b5 

A-l.pdt 
SW:CYB5_HUMAN 

ID CYB5_HUMAN STANDARD: PKT: 133 AA. 

DT 21 -JUL -1986 (REL. 01. CREATED) 
DT Ol-NOV-1988 (REL. 09. LAST SEQUENCE UPDATE) 
DT Ol-FEB-1996 (REL. 33. LAST ANNOTATION UPDATE) 
DE CYTOCHROME 85. . . . 

Smith-Waterman score: 183: 32.2* Identity in 90 aa overlap 

530 540 550 560 570 580 

A-l.pdt XLDLPTNMMEXRKAAAEUCAAETAAQGPTPRYnVDEVAQRSGCEERWLVIDRKVYNISE 

•hi :|: : I |:: :|||: -- 

AEQSDEAVKYYTLEEIQKHNHSKSTWLILHHKVYDLTK 
10 20 30 

590 600 610 620 630 640 

A- 1 . pdt FTRRHPGGSRVISHYAGQDATDPFVAFHINKGLVKKYMN- SLLIGELSPEQPSFEPTKNK 

CYB5_HUMAN FLEEHPGGEEVLREQAGGDATENFE- -OVGreTDAREicK^ IGELHPDD- • -RPKLllll 
40 50 60 70 80 90 

650 660 670 680 690 700 

A- 1 . pdt ELTDEFRELRATVEQRFPVXFLTCTGAHGFFSLEVPGLPDSNKXFSWTSRPIXWNKGKRP 

CYB5_HUMAN PPETLITTIDSSSSWWTNWVIPAISAVAVALMYRLYMAED 
100 110 120 130 

FIG.20 
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FastA Match of 5' Sequence of Clone A-1 and ac004228 

LXUS AC004228 170743 bp DNA HTG 26-FEB-1998 

DEFINITION *** SEQUENCING IN PROGRESS *** Homo sapiens Chromosome llql2 pac 

pOJ519o3: HTGS phase 1. 18 unordered pieces. 
ACCESSION AC004228 
NID 92911733 
KEYWORDS HTG: HTGS PHASEl. . . . 



SCORES Initl: 913 Initn: 1123 Opt: 916 
94.6t identity In 203 bp overlap 

389 379 369 359 349 339 330 
A-1 CaGACCAATATGATQGAATAAAGGWAGCQQCCGCTGftATTATAQQCCGCCGAGACCGC 

ac004228 CCCQGCGCGCQGCGTCGCCAGGCCAQCTATGGCCCCCGicCCGGTOCCa^ 
60090 60100 60110 60120 60130 60140 

329 319 309 299 289 279 270 

A- 1 GGCTCAGGGACCTACCCCGCGTTACTTCACATGGGACGAGGTGGCCCAQCGCTCAGQGTG 

lllllllillllilllillll lillllll llillllllllllllllllllllllllil 
ac004228 GQCTCAGGGACaACCCCQCQCTACnCACCTGGGACGAGGTGGCCCAGCGC^ 
60150 60160 60170 60180 60190 60200 

269 259 249 239 229 219 210 

A-1 CGAGGftGCGGTGGCTTGrGATCGACCGTAAGGTGTACAACATCAGCGftGnCACCCGCCG 

«„.ooo IIIIIINJJIINI llllllllllllllllllllllllillllllilllllllllMI 

ac004228 CGAQGAGCGGTGGCTAGTGATCGACCGTAAGGrGTACAACATCABCGAGrTCACCCGCCG 
60210 60220 60230 60240 60250 60260 

209 199 189 179 169 159 150 

A- 1 QCATCCAGGGGQCTCCCGGGTCATCAGCCACTACGCCGGGCAGGATGCCACG6ATCCCTT 

MMIIIIMIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIMIIIIIIII 

ac004228 QCATCCAGGGGGCTCCCGGGTCATCAGCCACTACGCCGGQCAGGATQCCACGGT6AGCGC 
60270 60280 60290 60300 60310 60320 

149 139 129 119 109 99 90 

A-1 CGrGQCCnCCACATCAACAAGQGCCTTGTGAAGAAGTATATGAACTCTCTCCTGAnQG 

ac004228 AGCCAGGCGGGGGCACAGGAGAGGGCGGGACCGGAGGCTGAGTGCAGGGGAGACAGAGTT 
60330 60340 60350 60360 60370 60380 



FIG.21 
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FastA Match of 5' Sequence of Clone 3-5 and ac004228 

SCORES Initl: 1365 Initn: 2510 Opt: 1377 
98.6* identity in 285 bp overlap 

20 30 40 50 60 70 

3-5 AATACGACTCACTATAGGGCTCGAGCGGCCGCCCGGGCAG6TCCGGACCTGCCAACGTGA 

ac004228 CCCCGCCCCACACGCCGCATCACnACAGGaCCG6GGCTicCG(^a 

61710 61720 61730 61740 61750 61760 

80 90 100 110 120 130 

3 - 5 ATCnATCGCCATGGACCTTACCnGCACAACCCAAAGTAGCTGCCnGGGGCAGGGGGT 

61770 61780 61790 61800 61810 61820 

140 150 160 170 180 190 

3 - 5 GGCCA6AGTGCTTAGGGAAATGTGGAQCCCTACCCAGAACAACGGTGGAGG6AAAGGGAA 

61830 61840 61850 61860 61870 61880 

200 210 220 230 240 250 

3-5 GAAACGCAGAAGTGCCCCAGmGGACGTAGGGAAGTCTrCCTCTTCGTGGTTTTTGGAG 

61890 61900 61910 61920 61930 61940 

260 270 280 290 300 310 

3 - 5 AACCCTAGCTAA6AGAG6AAAGG6ACTTATTGAAAGACCCGCAAGAAGGGACGGAAGTCT 

ac004228 JiiiiilJi^li^«Wi«M 

61950 61960 61970 61980 61990 62000 

320 330 340 350 360 370 

3-5 CATAGCCCTGAGAGGATCCCTnGTGGCCTTCCACATCAACAAGGGCCTTGTGAAGAAGT 

ac004228 iAlAaCclUiAiirrGAAGCCAQCTGGAGnGATGGGTGGAATGGGGACCTAGAGA^^ 
62010 62020 62030 62040 62050 62060 



FIG.22 
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FastA Match of 5' Sequence of Clone A- 10 and ac004228 

SCORES Initl: 931 Initn: 1309 Opt: 934 
97.0* identity in 200 bp overlap 



A- 10 

ac004228 

A- 10 
ac004228 

A- 10 
ac004228 

A- 10 
ac004228 



30 40 50 60 70 80 89 

TATAGGGCTC6AGCGGCCGCCCGG6CAGGTGCCCG6AGGCGCCTGATCATACCTGTTGCC 

CGAGCCAAACACCGACTAAnCGGAGGAAAGCCCGGAGGCGCa^^ 

60400 60410 60420 60430 60440 60450 

90 100 110 120 130 140 149 

CGGTGAnGGGTGTCCTGCGGATGCGGGATGAAAAGGCGGGAGAGAGGCCTGGAAAAGTC 

60460 60470 60480 60490 60500 60510 

150 160 170 180 190 200 209 

6AGTCTGGGGAGTGGG6ATGGAGGCCAACAACACGCACACACAAACAAAGGGTCCCGCCT 

60520 — 



60530 60540 



60550 



60560 60570 



210 220 230 240 250 260 269 

CCCTGCCGTGCATTCCATCTGCAGCCCCGAGCCTCAGGATCCCrrTGTGGCCnCCACAT 
lllllilllllllllllllillllllllllilllllil II II i 11 
CCCTGCCGTGCAnCCATCTGCAGCCCCGAecCTCAM.TCTCTGG&:G^ 
60580 60590 60600 60610 60620 60630 

FIG. 23 
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FastA Match of 5* Sequence of Clone A- 16 and ac004228 

SCORES Initl: 985 Initn: 1488 Opt: 997 
98. U identity 1n 209 bp overlap 

40 50 60 70 80 90 

A- 16 CGAGCGGCCGCCCGGGCAGGTCTAGAATTCAGCGGCCGCTGAAGCCGC6TCTGGACCTAG 

ac004228 AGGGAGTCACATCCTGTCTCGATGGCTAGGAGAGGCAGC • GCAGCCGCgIcIgGACcIaG 
60720 60730 60740 60750 60760 

100 110 120 130 140 150 

A - 16 gtgccggtctccactcgccagcaggagcggagagggagcaggaaaggagcccattctcga 
MIIIIIIIIIIIMIIIIIIIIIIillllllllllllllllllllllllllMIIIIII 

ac004228 GTGCCGGTCTCCACTCGCCAGCAGGAGCGGAGAGGGAGCAGGAAAGGAaCCATTCTCG^ 
60770 60780 60790 60800 60810 60820 

160 170 180 190 200 210 

A- 16 GGATGGGGCTGAAACGGGAAGCTTGGGGAGACCQCTGCCnGGGGACCCCTGCGTCGTGT 

IIIIIIIIIIIIINIIIIIMKIIIIIMIIIIIIIIIIIIIIIIIIIMIIIIIIII 

ac004228 GGATGGGGCTGAAACGG6AAGCTTGGGGAGACCGCTGCCTTGGG6ACCCCTGCGTCGT6T 
60830 60840 60850 60860 60870 60880 

220 230 240 250 260 270 

A- 16 6AAGACTGGAG6ACGC66AAGGGACAGCGCTGGCCGGGGAGGGCAAGCGGCCGCTGGCGA 

Mllllillllllllllllllillllillllllllllllllllilllllllllllllll 

ac004228 GAAGACTGGAGGACGCGGAAGGGACAGCGCTGGCCGGGGAGGGCAAGCGGCCGCTGGCGT 
60890 60900 60910 60920 60930 60940 

280 290 300 310 320 330 

A- 16 TCCCTTTGTGGCCTTCCACATCAACAAGGGCCTTGTGAA6AAGTATATGAACTCTCTCCT 

ac004228 ACATAAGGGAnGGGAATGGCATACACTTAGCGAGGACCCCCAGAGCTGTTCTCGAATCG 
60950 60960 60970 60980 60990 61000 



FIG. 24 
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FastA Match of 5' Sequence of Clone A- 19 and ac004228 

SCORES In1tl: 1227 Initn: 1409 Opt: 1532 
94.0* identity in 349 bp overlap 

60 70 80 90 100 110 

A- 19 TrATTCCCTTATrTGTCCCTGCCCATGTCCTGCTGAnGGTCCATnTACCTCTAGCTAG 

ac004228 ATAGAGCACTGATTGGTCCAlTrrACAGGCTaTGAlrGCTCCAlm 

63250 63260 63270 63280 63290 63300 

120 130 140 150 160 170 

A- 19 CTAAAGAGCACGGATTGGTGCATTrTGCAAACCTCTGGCTACAGAGGGGTTCTCCAGGTC 

63310 63320 63330 63340 63350 63360 

180 190 200 210 220 230 

A- 19 TGCACTCGACCCAGGAAGTCCATCTGGCTTCACCTCTCACnCAACnGGGTACAGCCTT 

llllllllillllllllllllllilllllllilllliillllllllMIIIIIMIIIII 

ac004228 TGCACTCGACCCAGGAAGTCCATCTGGCnCACCTCTCACnCAACTTGGGTACAaCn 
63370 63380 63390 63400 63410 63420 

240 250 260 270 280 290 

A-19 CTGGCGGGCAGGAAGATGGCCTTTGGTGCGAACACTGCCGGAGTCCAGGGGGCTGGCTCC 

nn.oo» lij.M'1'l" IIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

ac004228 CTGGCGGGCAGGAGGATGGCCTnGGTGCGAACACTGCCGGAGTCCAGGGGGCTGGCTCC 
63430 63440 63450 63460 63470 63480 

300 310 320 330 340 

A- 19 CTCACCTTTCATCTTCTCCCGGCACTTGCAGGATCCCTTTGTGGCC 

IIIIIIIINMIIIIIIIIIIIIIIIIIIIIIIillllllllill 

ac004228 CTCACCTiTCATCTTCTCCCGGCACTTGCAGGATCCClTTGTGGCC 
63490 63500 63510 63520 63530 

FIG. 25 
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Partial Sequence of ac004228 

59751 ACTAGAACCG CTGTTCCTAC CGC6GCGCCC CCTGG6AGCC AACGCCGCGA 

59801 TGCCCGCCTG ACGTCAGGAA GTCGAATCCG GCGGCGACGC TTTTAGGGAG 

59851 CCCGCGAG6G GGCGCGTGH G6CAGCCCAG CTGIGAGHG CCCAAGACCC 

59901 ACCG6GGGAC GGGATCTCGC TCCCCGCGCC ACGAGGCTCG GCCAATG66A Possible start 

59951 ACGCGC6CTG C6AGGCCC6C CGGTCTGCCC TGCGGTGCTG AAAACCCGGC 

60001 GCGCAGGCGG CTGGCTCTGG GCGCGCGCCA GCAAATCCAC TCCTGGAGCC 

60051 CGCGGACCCC GAGCACGCGC CTGACAGCCC CTGCTGGCCC GGCGCGCGGC 

60101 GTCGCCAGGC CAGCTATGGC CCCCGACCCG GTGGCCGCCG AGACCGCGGC 

60151 TCAGGGACCT ACCCCGCGCT ACTTCACCTG GGACGAGGTG GCCCAGCGCT Clone A-1 

60201 CA6GGTGCGA GGA6C6GTGG CTAGTGATCG ACCGTAAGGT GTACAACATC 

60251 AGCGAGTTCA CCCGCCGGCA TCCAGGGGGC TCCCGGGTCA TCAGCCACTA 

60301 CGCCGGGCAG GATGCCAC6G T6AGCGCAGC CA6GCGGGGG CACAGGA6AG 

60351 GGCGGGACCG GAGGCT6AGT GCAGGGGAGA CAGAGTTAC6 CACTCCGAGC 

60401 CAAACACCGA CTAATTCGGA GGAAAGCCC6 GAGGCGCCTG ATCATACCTG 

60451 nGCCCGGTG AnGGGTGTC CTGCGGATGC 6GG ATGAAAA G6CGGGAGAG Clone A-10 

60501 AGGCCTGGAG AAGTGGAGTC TGGGGAGTGG GGAT6GAGGC CAACAACACG 

60551 CACACACAAA CAAAGGGTCC CGCCTCCCTG CCGTGCATTC CATCTGCAGC 

60601 CCCGAGCCTC AGG TCTCTGG 6CGGG6ACAG AACCCCGAGC TGGGTAGGCT 

60651 A6GAGGGAGG AGAGCAAGGA TGCAGGCCGC CTGGGGAGGG A6GG6GTCAG 

60701 TGGCCAGGGG AG6GAGTCAC ATCCTGTCTC GATGGCTAGG AGAGGCA6C6 

60751 CAGCCGCGTC TGGACCTAGG TGCCGGtCTC CACTCGCCAG CAGGAGCGGA Clone 8-17 

60801 GAGGGA6CAG GAAAGGAGCC CATTCTCGAG GATGGGGCTG AAACGGGAAG 

60851 CTTGGGGAGA CCGCT6CCTT GGGGACCCCT GCGTCGTGTG AAGACTGGAG 

60901 GACGCGGAAG GGACAGCGCT GGCCGG6GAG GGCAAGCG6C CGCTGGCG TA 

FIG.26A 
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60951 CATAAGGGAT TGGGAATGGC ATACACHAG CGAGGACCCC CAGAGCTGH 

61001 CTCGAATCGC CGGGGAGGCC ACTGAGCCGC AGGCCAGCGA GGTCTTCA6C 

61051 TATTCCGCGG AGCGGACCGC TGTTTACGCT CTGGGGCGGT AGGCCCHCG 

61101 CGGGGTCCTG TCCCHCnC CCTTGGTCTC ACTGCGGGGT CGGCGCGC6C 

61151 CCCAGCCCCA GGCCTGCT6C TTCCCTTTCT AGACCACAGC CCTCAGAGCT 

61201 AAGGCCCCG6 CGCCTCTCTG CTGGGTTGGA GTCCTGGGGA CTCAGTCCTA 

61251 GGGACTCGAA AGTCGGGGCG nCCCTTCAC CGCGTnCCC CCnGGCGGC 

61301 CA6AATGGC6 TCCCCTCCCC HGCATCCCC CTCTGATCCC GTGCCCTGCA 

61351 GCGTGAT6CC CTCCACTGTC CCTATCCACT ACCCTGGCGT CCCAGAGTGT 

61401 GCCGC6GGTC ACCAGGHCC CATAACGTCG CAGCAGAGCT TAGACGCTGC 

61451 GGGGCGAAGA CCCGCCCCAC CCTCTGACGC 6ACCAGCCTA GTGGGC6AGG 

61501 "TCAGAGCTTG CGCGGGTCAA CCAGAGfCAC CACTCGGGAG CCCTGACTGC 

61551 G6CCAAGGGC GCAGGCGT6T CCCGGCGCAT GCGCAGACGA AACAGGCACC 

61601 AACGCTGGAG CTTCCCGCAG TGTGATnGG GGCCGGGGAT GCCGCGGCGG 

61651 GGACGGCGAT TGGTCCGTAT GTGTGGTGCC ACC6GCCGCC GCTCCGCCCC 

61701 GGCCCCCGCC CCACACGCCG CATCACHAC AGGGCCCGGG GCTGCCGGAC 

61751 CTGCCAACGT GAATCHATC GCCATGGACC TTACCnGCA CAACrCAAAfi 

61801 TAGCTGCCTT G6GGCAGGGG GTGGr CAGAG TGCmCGGA AATGTGGARr Clone 3-5 

61851 CCTACCCAGA ACAACGGTGG AGGGAAAGGG AAGAAACGCA GAAGIGCCCC , 

61901 AGTTCGGACG TAGGGAAGTC TTCCTCTTCG TGGTTTTTGG AGAACCCTAK 

61951 CTAAGAGAGG AAAGGGACTT AHGAAAGAC CCGCAAGAAG GGACGGAART 

62001 CTCATAGCCC TGAGAG GT6A AGCCAGCTGG AGHGATGGG TCGAATGGGG 

62051 ACCTAGA6AA CnTTCTGTA TCTAGA6GTT TGTAAAATGC ACCAATCAGT 

62101 6CTCTGTAAA AACGCACCAA TTGGCGCTCT GTA6CTAGCT A6AGGTTTGT 

62151 AAAATGAGCC AATCAGCAGG ACGTGGGCAG GGACAACTAA GACAATAAAA 

62201 GCTGGCCACC CCAGCCAGCT GCTGCAACCC GCTCCAGHC CCTTACAG6C 

FIG.26B 
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62251 T6TG6AAGCA TTGHCTTn GCTCGTCACA CTAAACCHG CTGCT6CTCA 

62301 ncniGGGT CTGCAAA6AG TGTTAnCCT HAAGAGCTA TAACA6CG6G 

62351 AAGGTCCACG GCTCCAHCT TGAAGTCAGT GAGACCATAC CC6CCG6AAG 

62401 GAACCAACGC CCGACACAGC CCCACCCATC TCTCCIGTH CTCACCTATA 

62451 CTGAAATTCT TGGGCAAAAG CTGTCTGTG6 ACACACCCAG GGGAAAGGCC 

62501 AGCCCAGGCA GGTGTTTCn AGTGGTTCCC CTCAGCCAAT GCnCCCAH 

62551 CCHGATGCA TCCHCTAAC TAGAGCA6AT GCTCGGTGAT CTTAAACTGT 

62601 GGACACCTGG GAGCACCCTC AAAAGGCAGC TGGGCCTAGG GAGATGGCCT 

62651 GTGCTTCT6T GTCAGGAGTT GGHCCnCA GGTGGQCTTG TGGTCTCGCT 

62701 GACGTCAAGA ATGAAGCCAT GAACCTTCGC GGTGAGTGTT ACAGCTCTTA 

62751 CAGGTGGCGT GGACCCAAAG AGTGAGCAGC AGCAAGATTT ATTGTGAAGA 

62801 GCAAAGAACA AAGCTTCCAC AGC6TGGAAG G6TACCCGAG CAGGHGCCG 

62851 CTGCTGGAC6 TTGGGGGGT6 TGAGGGGGAG CAGCCnTTT TnTCTTTTT 

62901 TTTTTGAGAC GGAGTCTCCC T6TC6CCCAG GCTG6AGTGC AGTGGCGCGA 

62951 TCTCGGCTCA CTGCAG6CTC CGCCCCCCCC CCGGGGTTCA CGCCATTCTC 

63001 CTGCCTCAGC CTCCCGAGTA GCTGGGACTA CAGGCGCCCG CTACCTCGCC 

63051 CGGCTAAHT TTTGTATTn TAGTAGAGAC GGGGTTTCAC TGIGHAGCC 

63101 AGGATGGTCT C6ATCTCCTG ACCTCGTGAT CCACCCGCCT TGGCCTCCCA 

63151 AAGTGCTGGG ATTACAGGC6 TGAGCCACC6 CGCCCGGCC6 GGAGCAGCH 

63201 TTATTCCCn ATHGTCCCT GCCCATGTCC TGCTGATHG TCCATTTTAT 

63251 AGAGCACT6A nGGTCCAH HACAGGCTG CTGATT6GTC CATTTTACCT 

63301 CTAGCTAGCT AAAGAGCACG GAHGGTGCA TTTTACAAAC CTCTAGCTAC 

63351 AGAAAAGTTC TCCAAGTCTG CACTCGACCC AGGA AGTCCA TCTGGCTTCA 

63401 CCTCTCACTT CAACTTGGGT ACAGCCHCT GGCGGGCAGG AGGATGGCCT 

63451 TTGGTGCGAA CACTGCCGGA GTCCAGGGGG CTGGCTCCCT CACCTTTCAT Clone B-19 

63501 CTTCTCCCGG CACHGCAGG ATCCCTHGT GGCCTTCCAC ATCAACAAGG 
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63551 6CCTT6TGAA GAA6TATAT6 AACTCTCTCC TGAHGGAGA ACT6TCTCCA 

63601 GAGCAGCCCA GCTHGAGCC CACCAAGAAT GTAAGACCCT GTGTTTGCTA 

63651 TGTC6CAACT ATTGCTTGH GAGGGGGACA GAGAGGGGGT GGAAGGAGAG 

63701 TCTAGATGGA ATCACAGTCA TAGTAATCAC AGTCAGTAGT AGCTCTGGGG 

63751 AGTCTTGAGG TCCCTGCTTC TCHGCATAG TCATGAGGTC ACAGGCCCAA 

63801 GGGAGCATGG CTnCCAAGC TATGGCTCCC CCAAGGCTGC CACTACCATG 

63851 GCTGCCATCA TTGTTATCAT CAHGTIATC ATAT6AGCAC TTACTATGCA 

63901 CCAAGCATAA ACTCATAACT CTTACACATT "TACA6ATGAG ATAACAG6CT 

63951 CAGG6AGGTT AA6CAACACA 6CCAAG6ATC ACACA6TTAG TAAATGGCAG 

64001 AGCAAGGACT TAGTCCCCT6 AACTCTTAGG CACTATCCCA TGGCACCTCC 

64051 TCCTGTCATC CTCATTGTCG TGGTATCm GCCTAGGACT GTG6ACTTCC 

64101 CACA6CTACC TCAGTGGGAG GTCCTTGAGC CTGAGAGGGC CCnGTCTCC 

64151 A6TAGCATTG GGGTGCAGAT GAGAAGAATA ACAGCTCCTC TTCCTCTTCT 

64201 GCAG AAAGAG CTGACAGATG AGHCCGGGA GCTGCGGGCC ACAGTGGAGC 

64251 GGATG6GGCT CATGAAGGCC AACCATGTCT TCTTCCTGCT GTACCTGCTG 

64301 CACATCTTGC TGCTGGATGG TGCAGCCTGG CTCACCCTTT GGGTCTTT6G 

64351 GACGTCCTTT TTGCCCnCC TCCTCTGT6C GGTGCTGCTC AGTGCAGTTC 



64401 



A£GTGAGAGC CTnGGCTTG TCAAGTGCAC AGCAATGCTC AGCATCCCTG 

FIG.26D 
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FastA Match of Human DS-desaturase and 
Contig 3381584 

SCORES Im'tl: 4480 Initn: 4480 Opt: 4481 
99. 9X identity In 898 bp overlap 



human OS 
3381584 

human 05 
3381584 

human 05 
3381584 

human 05 
3381584 

human 05 
3381584 

human 05 
3381584 

human 05 
3381584 



10 20 30 

ATGGCCCCCGACCCGGTGGCCGCCGAGACC 

llllllllllllllllllllllllllllll 
GGCCCGGCGCGCGGCGTCGCCAGGCCAGCTATGGCCCCCGACCCGGTGGCCGCC6AGACC 

80 90 100 no 120 130 

40 50- 60 70 80 90 

GCGGCTCAGGGACCTACCCCGCGCTACTTCACCTGGGACGAG6TGGCCCAQCGCTCAGGG 

IlillllllMIIIIIIIIIMIIIIIIIIIIIIIIIIilimilllNlllillllM 

GCGGCTCAGGGACCTACCCCGCGCTACTTCACCTGGGACGAGGTGGCCCAGCGCTCAGGG 



140 



150 



160 



170 



180 



190 



100 110 120 130 140 150 

TGCGAGGAGCGGTGGCTAGTGATCGACCGTAAGGTGTACAACATCAGCGAGTTCACCCGC 

1 1 1 N 1 1 Hi liii I Hi I liil H H I H I H H 1 1 II Hi H H I H H H H H I H 

TGCGAGGAGCGGTGGCTAGTGATCGACCGTAAGGTGTACAACATCAGCGASnCACCCGC 
200 210 220 230 240 250 

160 170 180 190 200 210 

CGGCATCCAG66GGCTCCCGGGTCATCAGCCACTACGCCGGGCAGGATGCCACGGATCCC 

HHNHHHHHMHHHnnHHHHHMHHIMHHHMIHH 

CGGCATCCAGGGGGCTCCCGGGTCATCAGCCACTACGCCGGGCAG6ATGCCACGGATCCC 
260 270 280 290 300 310 



220 230 • 240 250 260 270 

nTGTGGCCTTCCACATCAACAAGGGCCnGTGAAGAAGTATATGAACTCTCTCCTGAn 

HINHHi HHHHHHHHHHHHHIinnHHnHHMHH 

TTTGTGGCCnCCACATCAACAAGGGCCnGTGAAGAAGTATATGAACTCTCTCCTGATT 
320 330 340 350 360 370 



280 290 300 310 320 330 

GGAGAACTGTCTCCAGAGCAGCCCAGCnTGAGCCCACCAAGAATAAAGAGCTGACAGAT 

HMMIMMnHiHHnnnHHHHHHMHnnMnHMHHn 

GGAGAACTGTCTCCAGAGCAGCCCAGCTTTGAGCCCACCAAGAATAAA6AGCTGACAGAT 
380 390 400 410 420 430 

340 350 360 370 380 390 

GAGTTCCGG6AGCTGCGGGCCACA6TG6AGCGGATGGGGCTCAT6AAG6CCAACCATGTC 

HniMHIHHHHHnHUnnHHHHMMNHHMHMHMH 

GAGnCCGGGAGCTGCGGGCCACAGTGGAGCGGATGGGGCTCATGAAGGCCAACCATGTC 
440 450 460 470 480 490 
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human D5 
3381584 

human 05 
3381584 

human 05 
3381584 

human 05 
3381584 

human 05 
3381584 

human 05 
3381584 

human 05 
3381584 



400 410 420 430 440 450 

nCnCCTGCTGTACCTGCTGCACATCTTGCTGCTGGATGGTGCAGCCTGGCTCACCCn 

niMlillllllllMIIIIIIIIIIINIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

ncnCCTGCTGTACCTGCTGCACATCTTQCTGCTGWTaTGCAaa 
500 510 520 530 540 550 



460 470 
TGGGTCTrTGGGACGTCCTT 

lllllllllllllllll 



480 490 500 510 

TTGCCCmCTCCTCTGTGCGGTGCTGCTCAGTGCAGn 
lllllllllllljlllllllllllllllllllllll 



TGGGTCTrTGGGACGTCCTTTTTGCCCnCCTCCTCTGTGCGGTGCTGCTCAGTGCAGTT 
560 570 580 590 600 610 

520 530 540 550 560 570 

CAGGCCCAGGCTGGCTGQCTGCAGCATGACTTTGGGCACCTGTCGGTCTTCAGCACCTCA 

IIIIIINIIIIiilllllllllllillllllllllllllllllllllllillllll II 

CAGGCC(^GGCTGGCTGGCTGCAGCATGACTnGGGCACC^^^^ 
620 630 640 650 660 670 

580 590 600 610 620 630 

AAGTGGAACCATCTGCTACATCATTTTGTGAnGGCCACCTGAAGGGGQCCCCCGCCAGT 

lillllllllilllllllllllllllllllllllll lllllllllllllllll 1 1 Mill 
AAGTGGAACCATCTGCTACATCAirnGTGAnGGCCACCTGAAGGGGGCCa 
680 690 700 710 720 730 

640 650 660 670 680 690 

TGGTGGAACCACATGCACTTCCAGCACCATGCCAAGCCCAACTGCTTCCGCAAAGACCCA 

III llllllllllllllllllllllllllllllllllllllllllllllllllllllll 
TGGTGGAACCACATGCACmCAGCACCATGCCAAGCCCAACTGCTTCCGCAAAG^ 
740 750 760 770 780 790 

700 710 720 730 740 750 

GACATCAACATGCATCCCnCTrCTTTGCCnGGGGAAGATCCTCTCTGTGGAGCTTGGG 

IMIIIIIIiillllillllllllllllllilllllllllllllilllllllllllllll 

GACATCAACATGCATCCCncnCTnrGCCTTGGGGAAGATCCTCTCTGiTGGAGCTTQQG 
800 810 820 830 840 850 

760 770 780 790 800 810 

AAACAGAAGAAAAAATATATGCCGTACAACCACCAGCACAAATACTTCnCCTAATTQGG 

illlllllllllllllllllllllllllllllllllllllllllllllllilllllllll 
AAACAGAAGAAAAAATATATGCCGTACAACCACCAGCACAAATACTTCnCCTAATTGGG 
860 870 880 890 900 910 



820 830 840 850 860 870 

human 05 CCCCCAGCCTTGCTGCCTCTCTACmCAGTGGTATATTnCTATTrTGTTATCCAGCGA 

lllllllllllllllll llllllllllllllllllllllllllllllllllllllllll 
3381584 CCCCCAGCCnGCTGCCTCTCTACTTCCAGIGSTATATTTTCTATTTTGnATCCAGCGA 
920 930 940 950 960 970 
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880 890 900 910 920 930 

human D5 AAGAAGTGGGTGGACnGGCCTGGATGAnACCTTCTACGTCCGCTTCnCCTCACTTAT 

llllllllllllllllllllllllll I 
3381584 AAGAAGTGGGTGGACTTGGCCTGGATCAGGAAACAGGAATACGATGAAGCCGGGCnCCA 
980 990 1000 1010 1020 1030 

FIG.27C 
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FastA Match of Human D5-desaturase and 
Contig 2153526 

SCORES Initl: 1892 Initn: 1892 Opt: 2161 
9S.6X Identity 1n 443 bp overlap 

870 88a 890 900 910 920 

human D5 TCCAGCGAAAGAA6TGGGTG6ACnGGCCTG6AT6AnACCnCTACGTCCGCnCnCC 

2153526 GAATKMTTACCnCTACffrCCGCTTCTTCC 

10 20 30 

930 940 950 960 970 980 
human 05 TCACTTATGTGCCACTATTGGGGCTGAAAGCCTTCCTGGGCCTTTTCnCATAGTCAGGT 

40 50 60 70 80 

990 1000 1010 1020 1030 1040 
human 05 TCCTGGAAAGCAACTGGTTTGTGTGGGTGACACAGATGAACCATAnCCCATGCACAnG 

lllllllllllllllllllllllllllllllllllllllllllllllllllllillllll 
2153526 TCCTGGAAAGCAACTGGTTTGTGTGGGTGACACAGATGAACCATAnCCCATGCACATTG 
90 100 110 120 130 140 

1050 1060 1070 1080 1090 1100 
human 05 ATCATGACCGGAACATGGACTGGGTTTCCACCCAGCTCCTGGCCACATGCAATGTCCACA 

llllilllllllilllllllllllllllllllMllill lllllllllllllllllill 
2153526 ATCATGACCGGAACATGGAaGGGmCCACCCAGCTCCAGGCCACATGCAATGTCCACA 
150 160 170 180 190 200 

1110 1120 1130 1140 1150 1160 
human 05 AGTCTGCCTTCAATGACTGGTTCAGTGGACACCTCAACnCCAGAnGAGCACCATCTTT 

lllllllllllllllilllllllllllllllilllllllllllllllllillllllllll 
2153526 AGTCTGCCnCAATGACTGGTTCAGTGGACACCTCAACTTCCAGATrGAGCACCATCTTr 
210 220 230 240 250 260 

1170 1180 1190 1200 1210 1220 
human 05 TTCCCACGATQCCTCGACACAATTACCACAAAGTGGCTCCCCTGGTGCAGTCCnGTGTG 

IIIIIIIIIIIIIMIIIIIIIIIIIillillllllllllllllllllllllllllllll 

2153526 nCCCACGATGCCTCGACACAATTACCACAAAGTGGCTCCCCTGGTGCAGTCCnGTGTG 
270 280 290 300 310 320 

1230 1240 1250 1260 1270 1280 
human 05 CCAAGCGTGGCATAGAGTACCAGTCCAAGCCCCTGCTGTCAGCCTTCGCCGACATCATCC 

IIIMI llllllllllllllllllllllllllllllllllllllllllllilllillll 
2153526 CCAAGCATGGCATAGAGTACCAGTCCAAGCCCCTGCTGTCAGCCnCGCCGACATCATCC 
330 340 350 360 370 380 
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1290 1300 1310 1320 1330 
human D5 ACTCACTAAAGGAGTCAGGGCAGCTCTGGCTAGATGCCTATCnCACCAATAA 

llllllllllllllllllllllllllilltllllillllllllllllllilll 
2153526 ACTCACTAAAGGAGTCAGGGCAGCTCTGGCTAGATGCCTATCTTCACCAATAACAACAQC 
390 400 410 420 430 440 

FIG.28B 
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FastA Match of Human D5-desaturase and 
Contig 253538a 

SCORES Inltl: 1479 Inltn: 2483 Opt: 2489 

Smith -Waterman score: 2489: 81.3* identity in 434 aa overlap 



human 05 
253538a 

human 05 
253538a 

human 05 
253538a 

human 05 
253538a 

human 05 
253538a 

human 05 
253538a 

human 05 
253538a 



10 20 30 40 50 60 

MAPDPVAAETAAQGPTPRYFTVDEVAQRSGCEERWLVIDRKVYNISEFTRRHPGGSRVIS 

IIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIlll 

QGPTPRYFTWOEV/^RSGCEERWLVIDRKVYNISEFIERHP^^ 
10 20 30 40 



70 



80 



90 



HYAGQDATDPFVAFHINKGLVKKYMNSLL 

IIIIIIIIIMIIIIilllllllllllli 

HYAGQDA7DPFVAFHI NKGLVKKYMNSLL 
50 60 70 



130 



100 



110 



GELSPEQPSFEPTKNKELTDEFRELRATVE 

NMIIIMIillllllllllilllll II 

GELSPEQPSFEPTKNKELTDEFRELRATVE 
80 90 100 



20 



140 150 160 170 180 

RMGLMKANHVFaLYLLHILLLDGAAWLTLMVFGTSFLPFLLCAVLLSAVQAQAGWLQHD 

IliMllllilllllllMlllillllllllllllllllllllllllllllliiliiiii 

RMGLMKANHVFFLLYLLHILLLDGMWLTUiVFGTSFLPFLLCAVLLS^^ 
110 120 130 140 150 160 

190 200 210 220 230 239 

FGHLSVFSTSKMNHLLHHFVIGHLKGAPASWWNHMHFQHHAKPNCFRKDPDINM-HPFFF 
Hlllh llll|:|:illllllll hllll lllllllil |:||||:|| | | 
YGHLSVYRKPKWNHLVHKFVIGHLKGASArM<NHRHFQHHAKPNIFHKDPDVNMLH--VF 
170 180 190 200 210 220 

240 250 260 270 280 290 299 

ALGKILSVELGKQKKKYMPYNHQHKYFFLIGPPALLPLYFQWYIFYFVIQRKKWVDLAWM 
'II- -I ll-i ll-lllll|:|lllllll |:|:|||: |:: :| :|:|||||| 
VLGEVWJPIEYGKKKLKYLPYNHQHEYFFLIGPPLLIPMYFQYQIIMTMIVHKNWVDI^ 
230 240 250 260 270 280 

300 310 320 330 340 350 

ITFYVRFFLTYVPLLG- LKAFLGLFFI VRFLESNWFVWVTQMNHIPMHIDHDRNMDWVST 
•••|:|lhl|:|: I I hi! II 1 1 i I M 1 1 1 1 1 1 III 1 1 |: |:: II |: 
VSYYIRFFITYIPFYGILGALLFLNFI-RFLESHWFVWVTQMNHIVMEIDQEAYRDWFSS 
290 300 310 320 330 340 

360 370 380 390 400 410 

QLLATCNVHKSAFNDWFSGHLNFQIEHHLFPTMPRHNYHKVAPLVQSLCAKRGIEYQSKP- 
II llll|::| lllllllllllllllllllllllll l|:||||:|||||:||||| || 
QLTATCNVEQSFFNDWFSGHLNFQIEHHLFPTWPRHNLHKIAPLWSLCAKHGIEYQEI^ 
350 360 370 380 390 400 
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human 05 
253538a 



420 
LLSAFAD 

II |: i 
LLRALLD 

410 



430 440 

HSLKESGQLWLDAYLHQX 

:|||:||:|lillll|:| 

RSLKKSGKLWLDAYLHKXSHSPRDTVGKGCRWGDGQRNDGLLFXGVSERLV 
420 430 440 450 460 
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FastA Match of Human 05-desaturase and Contig 38 



SCORES Inltl: 2024 Initn: 2024 Opt: 2026 
Smith-Waterman score: 2026: 99. 3t Identity In 287 aa overlap 



human D5 
38 

human 05 
38 

human 05 
38 

human 05 
38 

human 05 
38 

human 05 
38 



10 20 30 40 

MAPOPVAAETMQGPTPRYFTVIDE VAQRSGCEERWLV I DRKVYN 

lllflllllllllllllilllillllllllll 
QGPTPRYFTODEVAQRSGCEERWLVIDRKVYN 
10 20 30 



50 

SEFTRRHPGGSRV 

iimiiiiiiii 

SEFTRRHPGGSRV 
40 



60 

S 

I 



70 

HYAGQOATDPFVAFH 

lllllllllllllll 
HYAGQOATDPFVAFH 

50 60 



80 



90 



100 



NKGLVKKYMNSLLIGELSPEQPSFEPTKNKELTDEFRELRATVE 

illlllllllllllllllllllllllllllll lllllllllll 
NKGLVKKYMMSLLIGELSPEQPSFEPTKNKELTDEFRELRATVE 
70 80 90 100 



120 



130 140 150 160 170 180 

RMGLMKANHVFFLLYLLHILLLDGAAWLTLWVFGTSFLPFLLCAVLLSAVQAQAGWLQHD 

llllllllllllllllli lllillllllllllillllllllllllllllllllllllil 
RM6LMKANHVFFLLYLLHILLLDGAAWLTLWVFGTSFLPFLLCAVLLSAVQAQAGWLQH0 
110 120 130 140 150 160 

190 200 210 220 230 240 

FGHLSVFSTSKWNHLLHHFVIGHLKGAPASWWNHMHFQHHAKPNCFRKOPOINMHPFFFA 

llllllllllllllllllllllllilllllllllllllllllllllllllllllllllll 
FGHLSVFSTSKWNHLLHHFVIGHLKGAPASWWNHMHFQHHAKPNCFRKDPOINMHPFFFA 
170 180 190 200 210 220 



LGK 

III 
LGK 

230 



250 260 270 280 290 300 

LSVELGKQKKKYMPYNHQHKYFFLIGPPALLPLYFQWYIFYFVIQRKKWVOLAWMI 

lllillllllllllllill IIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIII: 
LSVELGKQKKKYMPYNHQHXYFFLIGPPALLPLYFQWYIFYFVIQRKKWVOLAWIS 
240 250 260 270 280 



310 320 330 340 350 360 

TFYVRFFLTYVPLLGLKAFLGLFFIVRFLESNWFVWVTQMNHIPMHIDHORNMOWVSTQL 

KQEYDEAGLPLSTANASKRDLPRATSPGTRWPSAQGARSGGXXSTVRCnSASSPAGIQG 
290 300 310 320 330 340 
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FastA Hatch of D6-Desaturase (Ma524) and 
Human D5-Desaturase 

SCORES Initl: 280 Initn: 601 Opt: 303 

Smith -Waterman score: 697; 30.5X Identity In 455 aa overlap 



human 05 
Ma524.pep 

human 05 
Ma524.pep 

human 05 
Ma524.pep 

human 05 
Ha524.pep 

human 05 
Ma524.pep 

human 05 
Ma524.pep 



10 20 
MAPDPVAAETAAQGPTPRYFTVDEV 



30 40 50 

AQRSGCEER- - - -WLVIDRKVYNISEFTRRH 

I :|: I II 11 II:: ::|| ll|:: ||: I 

NAAAPSVRTFTRAEVLNAEALNEGKKOAEAPFLMI IDNKVYDVREFVPDH 
10 20 30 40 50 



60 70 80 90 100 110 

PGGSRVISHYAGQDATDPFVAFHIMKGLVKKYMNSLLIGELSPEQPSFEPTKNKELTDEF 
II 1 1 : : : I : I : I : II I : 1 1 : : :::::}::: | : 1 1 : : : | 
PGGSviLTH-VGKDGTDVFDTFHPEAAW- -ETLANFYVGDioE- - -SDROIKNODFAAEV 
60 70 80 90 100 

120 130 140 150 160 170 

RELRATVERMGLMKANHVFFLLYLLHILLLDGAAWLTLWVFG-TSFLPFLLCAVLLSAVQ 
|:||: : :| : :::::: : : j : j : : : :|||| :| |:||: 
RKLRTLFQSLGYYOSSKAYYAFKVSFNLCIWGLSTVIVAKWGQTSTLANVLSAALLGLFW 
110 120 130 140 150 160 

180 190 200 210 220 230 

AQAGWLQHDFGHLSVFSTSKWNHLLHHFVIGHLKGAPASWWNHHHFQHHAKPNCFRKOPO 

I III III I :||: 1: |: |: I :| :|l|: I III II :||| 
QQCGWLAHOFLHHQVFQDRFVIGOLFGAFLGGVCQGFSSSWWKDKHNTHHAAPNVHGEDPD 
170 180 190 200 210 220 

240 250 260 270 280 

INMHPFF- - • -FALGKILSV- - -ELGKQKKKYMPYNHQHKYFFLIGPPALLPLYFQWYIF 

j: l|:: II : :| II :: :::| I I ::| I II :| :| 
IDTHPLLTWSEHALEMFSDVPDEELTRMWSRFMVLN-Q7WFYFPILSFARLSWCLQSILF 
230 240 250 260 270 280 



YFV- 



VLPNGQAHKPSGARVP 
290 300 



290 300 310 320 329 

QRKKWVDUWMITFYVRFFLTYV- - PLLGLKAFLGLFFIVRFL 

kvEQLSUWHWTVIYLATMFLFiKDPV- - • NMLVYFLVSQAV 
310 320 330 



330 340 350 360 370 380 

human 05 ESNWFVWVTQMNHIPMHI - - -DHDRNMDWVSmLATCNVHKSAFNDWFSGHLNFQIEHH 
:| :: | ::|| | : :: :||: : |::: :|| : | :||:| Ihlllll 
Ha524.pep CGNLLAIVFSLNHNGMPVISKEEAVDMDFFTKQIIT6RDVHPGLFANWFTQGLNYQIEHH 

340 350 360 370 380 390 



FIG.31A 
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390 400 410 420 430 440 

human D5 LFPTMPRHNYHKVAPLVQSLCAKRGIEYQSKPLLSAFADIIHSLKESQQLWLDAYLHQX 

1 1 1 : 1 1 1 1 1 : I : | | : : 1 1 | : : : | : : : : : | : : : | : I 
Ma524 . pep LFPSMPRHNFSKiQPAVETLCKKYNVRYHTTGMIEGTAEVFSRL 

400 410 420 430 440 450 

FIG. 31 B 
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FastA Match of 05-Desaturase (Ma29) and 
Human D5-Desaturase 

SCORES Initl: 145 In1tn: 236 Opt: 266 
Smith-Waterman score: 400; 27.5X Identity in 455 aa overlap 

10 20 ■ 30 40 50 60 

human DS MAPDPVAAETAAQGPTPRYFTUDEVAQRSGCEERWLVIDRKVYNISEFTRRHPGGSRVIS 

II lll'l-l I'l 'II----I lllll '•' 

Ma29 . pep HGTDQGKT- - - FTWEEuWllInTCDDLLLAIRGRVYDmFLiRHPGGVD 

10 20 30 40 

70 80 90 100 110 

human 05 HYAGQDATDPFVAFHINKGLVKKYMMSLLIGEL-SPEQPSF-EPTKNKELTDEFRELRAT 

l|:|:| I :| I : h-' :|l I II I II " I I 
Ma29 . pep LGAGRDVTPVFEMYHAF-6AADAIMKKYYVGTLVSNELPIFPEPTVFHKTIK7RVE6YFT 
50 60 70 80 90 100 

120 130 140 150 160 170 

human D5 VERMGLMKANHVF--FLLYLLHILLLD6AAWLTLWVFGTSFLPFLLCAVLLSAVQAQAGW 

: : : : : : : | : : : | : : : | : : | : : | : : * : : 1 1 : | 
Ma29.pep DRNiDPKNRPEiwGRYALIFGSLIASYYAQLFVPFVVERTWLQVVr 

110 120 130 140 150 160 

180 190 200 210 220 230 

human D5 LQ-HDFGHLSV-FSTSKWNHL--LHHFVI6HLKGAPASWWNHMH-FQHHAKPNCFRKDPD 

II :|:|| : : |: I II ::|l I ::| : II I III 
Ma29 . pep NPLHDASHFSVTbNPTVWKILGATHDF- • • - FNGASYLVWMYQHMLGHHPYTNIAGADPD 
170 180 190 200 210 220 

240 250 260 270 280 

human D5 INM-HPFFFALGKILSVELGKQKKKYMPYNH--OHKYF-FLIGPPALLPLYFQWYIFYFV 
:: :| :|: | ::|:: || || : || | |: : |:||| 

Ma29. pep VSTSEP DVRRIKPNQKMF- VNHINQHMFVPFLYGLLAFKVRIQDINILYFV 

230 240 250 260 270 

290 300 310 320 330 

human D5 IQ- • - -RKKWVDLAWMITFY- -VRFFLTY- - -VPL- -LGLKAFLaFFIVRFLESNWFVW 

I : : : : | : 1 1 : | 1 1 1 | | | 1 1 : : : : | | : : 
Ma29 . pep KTNDAIRVNPisTWHTVMFWGGKAFFVWYRLIVPLQYLPLGKVLLLFTVADMVSSYWU 

280 290 300 310 320 330 

340 350 360 370 380 

human D5 VTQMNHIPMHID- - -HORN- - - -MDWVSTQLLATCN-VHKSAFNDWFSGHLNFQIEHHLF 

: I II: ::: |:| ||:: |: :| : :| | : ::| ||:| |||| 
Ma29 . pep TFQANHVVEEVQWPLPDENGI IQKDWAAMQVETTQDYAHDSHLWTSITGSLNYQAVHHLF 
340 350 360 370 380 390 



FIG.32A 
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390 400 410 420 430 440 

human D5 PTMPRHNYHKVAPLVQSLCAKRGIEYQSKPLL-SAFADIIHSLKESGQLWLDAYLHQX 

I : : : I : I : : : : : | : : : | | : : 1 1 1 : : : | : | 
Ma29 . pep PNVSQHHYPDiLAi iKNTCSEYKVPYLVKDTFWQAFASHLEHLRVLGLRPKEEX 
400 410 420 430 440 

FIG.32B 



U.S. Patent Aug. 6, 2002 sheet 46 of 48 US 6,428,990 Bl 



CM 



CM 
CSI 



ro 



ro 
cvi 

OO 

s 



ro 

CD 

ro 



o 

OO 
OO 



CO 

o 



CD 



CO 

OO 

CNI 
CO 



to 
ro 
I 



ro 



ro 
ro 
I 



ro 
ro 



in 

CNI 



OO 

cn 

CNJ 
• 

OO 
CSI 



OO 
CNI 

CO 



cn 



CNI 



OO 



lO 
OO 
CNI 



C7> 
CNI 

IT) 
OO 
CNI 



UD 

CNI 
UD 



CNI 
CO 

CNJ 

ro 



OO 



m 

CNJ 



C7> 

s 



I 

CO 
CNI 
I 



ro 
ro 



in 

I 

OO 
I 



ro 
ro 



8 



in 

CNI 



CD 



CNI 



I 

CD 
CO 



5 



in 
csi 

CD 
CNI 



ro 
<o 

in 

CO 



in 
cn 

in 

CM 



5 

ro 

ro 
ro 



CD 
OO 



o 

CD 



s 

CNI 



O 
OO 

in 
in 



CNI 
CO 



CO 



OO 
ro 



CD 
CO 



CO 



o 

« • 

OO 
o 



cn 
I 



OO 
o 



CO 

I 

CNI 

do 
O 



CO 

I 

c 
ro 



• • 

CD 
CNI 

o 



m 

CM 



Si 



1^ 



i 



OO 



So 



S 



CO 



8 



I 



in 

CNJ 



CNI 

cn 
ro 

CD 



in 

oc5 
rr 
in 



in 

CNI 



CNI 



m 
in 



in 

CD 



ro 



cn 

CO 



ro 
ro 

CD 



CNJ 
CO 



cn 



CD 

• • 

CM 
CNJ 

o 



cn 
I 



• • 

CNJ 
CNJ 

o 



U.S. Patent Aug. 6, 2002 Sheet 47 of 48 US 6,428,990 Bl 



i 

s 



J3 



s 



ii 



f 



U.S. Patent Aug. 6, 2002 Sheet 48 of 48 



US 6,428,990 Bl 



CM 



I 

CO 

I 



I 



to 
I 



I 

oo 

I 



oo 



CSI 



CNI 



5 



i 



ro 

CO 
CO 



CD 

ro 



CSI 

5 

CM 



CNJ 

ro 



oo 



to 
oi 

CNJ 



o 

do 

o 



CO 

cn} 
ro 



CNI 



CN 



CSI 

ro 
Jo 



CO 
CD 



CO 



CD 
I 



OO 



CsJ 

»8 



ro 



to 

I 

c: 

CVI 

do 

c3 



CO 

I 

c; 
ro 

do 



25 



o 

CSI 



CO 

I 

ro 

o 

CSJ 



CO 

I 



o 

CSI 



CSJ 



ro 
I 

in 
o 

CSI 



oo 

CO 



CSJ 



CO 



cr> 



cn 

CSJ 



IO 

o 



us 6,428,990 Bl 



HUMAN DESATURASE GENE AND USES 
THEREOF 

The subject application is a ContiBuation-In-Part of 
pending U.S. patent application Ser. No. 09/227,613 filed on 
Jan. 8, 1999, which is a Conlinuation-In-Part of pending 
International Application PCTAJS98A)7422 filed on Apr 10, 
1998 (which designates the U.S.) which is a Continuation- 
ID-Pait of U.S. patent application Sen No. 08/833,610 filed 
on Apt. 11, 1997. now U.S. Pat. No. 5,972,664 aU of which 
are incorporated herein in their entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The subject invention relates to the identification and 
isolation of a gene that encodes an enzyme (i.e., human 
A5-desaturase) involved in the synthesis of polyunsaturated 
fatty acids and to uses thereof. In particular, A5-desaturase 
VQ catalyzes the conversion of, for example, dihomo-y- 
linolenic acid (DGLA) to arachidonic acid (AA) and (n-3)- 
eicosatetraenoic acid (20:4n-3) to eicosapentaenoic acid 
(20:5n-3). The converted product may then be utilized as a 
substrate in the production of other polyunsaturated fatty 
acids (PUFAs). The product or other polyunsaturated fatty 
adds may be added to pharmaceutical compositions, nutri- 
tional composition, animal feeds as well as other products 
such as cosmetics. 

2. Background Information " 

Desaturases are critical in the production of long-chain 
polyunsaturated fatty acids which have many important 
functions. For example, PUFAs are important components 
of the plasma membrane of a cell, where they are found in 
the form of phospholipids. They also serve as precursors to 
mammalian prostacyclins, eicosanoids, leukotrienes and 
prostaglandins. Additionally, PUFAs are necessary for the 
proper devebpment of the developing infant brain as well as 
for tissue formation and repair. In view of the biological 
significance of PUFAs, attempts are being made to produce 
them, as weU as intermediates leading to their production, in 
an efScient manner. 

A number of enzymes are involved in PUFA biosynthesis 
including A5-desaturase (see FIG. 11). For example, elon- 
gase (elo) catalyzes the conversion of y-linolenic acid (GLA) 
to dihomo-y-linolenic acid (DGLA) and of stearidonic acid 
(18:4n-3) to (n-3)-eicosatctraenoic acid (20:4n-3). Linoleic 
acid (LA, 18:2-A9,12 or 18:2n-6) is produced fi-om oleic 
acid (18:1-A9) by a A12-desaturase. GLA (18:3-A6,9,12) is 
produced from linoleic A5 acid by a A6-desaturase. 

It must be noted that animals cannot desamrate beyond 
the A9 position and therefore cannot convert oleic add into 
linoleic add. Likewise, a-linolenic add (ALA, 18:3-A9,12, 
15) cannot be synthesized by mammals. However, 
a-linolenic add can be converted to stearidonic add (STA, 
18:4-A6,9,12,15) by a A6-desaturase (see PCT publication 
WO 96/13591 and TTie Faseb Journal Abstracts, Part I, 
Abstract 3093, page A532 (Experimental Biology 98, San 
Frandsco, Calif., Apr. 18-22. 1998) see also U.S. Pat. No. 
5,552306), followed by elongation to (n-3)-eicosatetraenoic 
add (20:4-A8,ll,14,l'^ in mammals and algae. This poly- 
unsaturated fatty acid (i.e., 20:4-A8,ll,14,17) can then be 
converted to eicosapentaenoic add (EPA, 20:5-A5,8,ll,14, 
17) by a A5-desaturase, such as that of the present invention. 
Other eukaryotes, including fungi and plants, have enzymes 
which desaturate at carbon 12 (see PCT publication WO 
94/11516 and U.S. Pat. No. 5,443,974) and caibon 15 (see 
PCT publication WO 93/11245). The major polyunsaturated 



fatty add of animals therefore are either derived from diet 
and/or from desaturation and elongation of linoleic add or 
a-linolenic acid. In view of these difficulties, it is of sig- 
nificant interest to isolate genes involved in PUFA synthesis 

5 from species that naturally produce these fatty acids and to 
express these genes in a microbial, plant, or animal system 
which can be altered to provide production of commerdal 
quantities of one or more PUFAs. One of the most important 
long chain PUFAs, noted above, is arachidonic add (AA). 

10 AA is found in filamentous fungi and can also be purified 
from mammalian tissues including the liver and adrenal 
glands. As noted above, AA production from dihomo-y^ 
linolenic acid is catalyzed by a A5-desaturase. EPA is 
another important long-chain PUFA. EPA is found in fungj 

15 and also in marine oils. As noted above, EPA is produced 
from (n-3)-eicosatetraenoic add and is catalyzed by a 
A5-desaturase. 

In view of the above discussion, there is a definite need for 
the A5-desaturase enzyme, the gene encoding this enzyme, 

20 as well as recombinant methods of producing this enzyme. 
Additionally, a need exists for oils containing levels of 
PUFAs beyond those naturally present as well as those 
enriched in novel PUFAs. Such oils can only be made by 
isolation and expression of the A5-desaturase gene. 

^ All U.S. patents and publications refenred to herein are 
hereby incorporated in their entirety by reference. 

SUMMARY OF THE INVENTION 

^ The present invention includes an isolated nucleotide 
sequence corresponding to or complementary to at least 
about 50% of the nucleotide sequence shown in SEQ ID 
N0:1 (FIG. 12). The isolated nucleotide sequence may be 
represented by SEQ ID NO:l. These sequences may encode 
a functionally active desaturase which utilizes a polyunsatu- 
rated fatty add as a substrate. The sequences may be derived 
from a mammal such as, for example, a human. 

The present invention also includes purified proteins 
encoded by the nudeotide sequences referred to above. 

4Q Additionally, the present invention includes a purified 
polypeptide which desaturates polyunsaturated fatty acids at 
cartton 5 and has at least about 50% amino add similarity to 
the amino add sequence of the purified proteins refened to 
directly above. 

45 Furthermore, the present invention also encompasses a 
method of produdng a human A5-desaturasc. This method 
comprises the steps of: a) isolating the nucleotide sequence 
represented by SEQ ID N0:1 (FIG. 12); b) constructing a 
vector comprising: i) the isolated nucleotide sequence oper- 

50 ably linked to ii) a promoter, and c) introdudng the vector 
into a host cell under time and conditions suflScient for 
expression of the human A5-desaturase. The host cell may 
be, for example, a eukaryotic cell or a prokaryotic cell. In 
particular, the prokaiyodc cell may be, for example, £. coU, 

55 cyanobacteria or B. subtiUs, The eukaryotic cell may be, for 
example, a mammalian cell, an insect cell, a plant cell or a 
fungal cell (e.g., a yeast cell such as Saccharomyces 
cerevisiae, Saccharomyces carlsbergensis, Candida spp., 
Lipomyces starkey, Yarrowia lipolytica, Kluweromyoes 

50 spp., Hansenula Spp., Trichoderma spp. or Pichia spp.). 
Additionally, the present invention also encompasses a 
vector comprising: a) a nucleotide sequence as represented 
by SEQ ID N0:1 (FIG. 12) operably linked to b) a promoter. 
Tht invention also includes a host cell comprising this 

65 vector. The host cell may be, for example, a eukaryotic cell 
or a prokaiyotic cell. Suitable eukaryotic cells and prokary- 
otic cells are as defined above. 
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Moreover, the present iDveDtioD also includes a plant cell, for example, adrenic acid or (n-3)-docosapentaeDoic add. 

plant or plant tissue comprising the above vector, wherein The final polyunsaturated fatty acid may be, for example, 

expressionof the nucleotide sequence of the vector results in (n-6)-docosapentaenoic acid or DHA. This nutritional 

production of a polyunsaturated fatty acid by the plant cell, composition, may be, for example, an infant formula, a 

plant or plant tissue. The polyunsaturated fatty acid may be, 5 dietary supplement or a dietary substitute and may be 

for example, selected from the group consisting of AA and administered to a human or to an animal. It may be admin- 

EPA. The invention also includes one or more plant oils or islered enteraUy or parenterally. The nutritional composition 

adds expressed by the above plant cell, plant or plant tissue. may further comprise at least one macronutrient selected 

Additionally, the present invention also encompasses a fro™ group consisting of coconut ofl, soy oil, canola oil, 

transgenic plant comprising the above vector, wherein lO monoglyccrides, diglyceridcs, glucose, edible lactose, elec- 

expression of the nucleotide sequence of the vector results in trodialysed whey, electrodialysed skim milk, milk whey, soy 

production of a polyunsaturated fatty add in seeds of the protein, and protein hydrolysates. Additionally, the compo- 

transgenic plant sition may further comprise at least one vitamin selected 

Also, the invention includes a mammalian cell comprising }^ 8«o«P consisting of VitamiDS C, D. E. and B 

the above vector wherein expression of the nucleotide « «^ «' 'f^* «"» ^ ^ ^ 

sequence of the vector results in production of altered levels <=0"««sting of calaum magnesium, zinc manganese. sodiiiiD. 

of AA or EPA when the ceU is grown in a culture media PO''^"""'. phosphorus, copper, chlonde. lodme, selenium 

comprising a fatty acid selected from the group oonsistiiig of * 

an essential fatty acid. LA and ALA, Furthermore, the present invention also includes a a 

It should also be noted that the present invention encom- Phatmaceutical composition comprising 1) at least one poly- 

passes a transgenic, non-human mammal whose genome fa ty acd se ected from the ^oup oonsisUng of 

comprises a DNA sequence encoding a human he product polyunsaturated fe^^^ 

AS-dLturase qperably h'^ to a promoter. The DNA ^^"^"^^ the anoAer polyunsaturated fatty aad 

sequence may bi iep,4nted by SEQ ID N0:1 (RG. 12). „ Prod^cedjiccordmg to the "second method, and the find 

Ajj-*- 11 *i. * ■ • 1 J -J / 25 polyunsaturated fatty acid produced accordmg to the thu-d 

AdditionaUy, the present mvention mcludes a fluid (e.g., ^ j o\ u n * ui a ■ 

milk) ptodiced by the transgenic, non-human mainmal j?""*'?^ 2) a pharmaceutically acceptabk earner. Again, 

wbereii the fluid comprises Tdetectable level of at least ^ pharmaceut^al composmon may be administered to a 

human A5-desaturase human or to an anunal. The composition may further com- 

^ ' , prise an element selected &om the group consisting of a 

Additionally, the present invention includes a method 30 vitamin, a mineral, a carbohydrate, an amino add, a free 

(i.e, "fiist" method) for producing a polyunsaturated fatty fo„y j^d. a phospholipid, an antioxidant, and a phenolic 

acid comprising the steps of: a) isolating the nucleotide compound 

sequence represented by SEQ ID N0:1 (FIG 12); b) con- Additionally, the present invention includes an animd 

structing a vector comprising the isolated nucleotide comprising at least one polyunsaturated fatty acid 

sequence: c) introducing the vector mto a host ceU under 35 selected from tte group consisting of the product jilyun- 

time and condituins sufficient for expression of the human ^ acid produced according to the first method. 

A5-desaturase enzyme; and d) eiqposing the expressed ,he another polyunsaturated fatty acid ^oduced according to 

human A5-desaturase enzyme to a substrate polyunsaturated ^. ^ .u ^ j ♦u c i i * j r -j 

r -J * -J . * *u w * : / J * the second method and the final polyunsaturated fatty acid 

fatty acid m order to convert the substrate to a product , , j- * *u j j / i . 

/ . . J r -J m. 1. . . 1 . * J produced accordmg to the third method. The product poly- 

polyunsaturated fatty acid. The substrate polyunsaturated 40 ^ * j r - j u f t a a cda in. 

i-*/ -J u r 1 i>#-.r A ^r\i ^ j *u Unsaturated fatty aad may bc, for example, AA Or EPA. The 

fatty acid may be, for example, DGLA or 20: 4n-3 and the , . . j r ./ L r 1 

^ . 1 J . J * *. • J u f 1 A A another polyunsaturated fatty aad may be, for example, 

prc^uci polyunsanirated fatty acid may be for example. AA ^^^^ ^./^^ (n-3)-doc«sapentaenoic add. Tlie final poly- 

or EPA, respectively. Thjs method may Iurth« unsaturated fatty acid may be, for example. (n.<0- 

Step ofexposmg the product polyunsaturated fatty acid to an , ^ • tmj a r » > / 

' 5* docosapentaenoic acid or DHA. 

elongase m order to convert the product polyunsaturated 45 , . • 1 • 1. j 

fatty add to another polyunsaturated fatty acid (i.e., "sec- Moreover, the present mvention also includes a cosmcUc 

ond" method). In this method containing the additional step comprising a polyunsanirated fatty acid selcct«i from the 

(i.e.. "second" method), the product pdyunsaturated fatty S^^^P consisUng of the product polyunsaturated fatty acid 

acid may be, for example, AA or EPA, and the "another^ v^oduc^ according to the first method^ the another polyuo- 

polyunsaturated fatty add may be adrenic add or (n-S)- 50 ^^^'^ acid produced according to the second 

docosapentaenoic add, respectively. The method containing "^^^^^.^ ^^j Polyunsaturated fatty acid produced 

the additional step may further comprise a step of exposing accordmg to the third method. 

the another polyunsaturated fatty add to an additional Additionally, the present invention encompasses a method 

desanirase in order to convert the another polyunsaturated of preventing or treating a condition caused by insuffident 

fatty acid to a final polyunsaturated fatty add (i.e., "third" 55 intake of polyunsaturated fatty acids comprising adminis- 

method). The final polyunsaturated fatty add may be, for ^0 patient the nutritional composition of above in 

example, (n.6)-docosapentaenoic acid or docosahexaenoic an amount sufficient to effect prevention or treatmem. 

(DHA) add. BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention also encompasses a nutritional „^ ^ . r *u 1^ i • a« j 

composition comprising at least one polyunsaturated fatty « ^ I '^'^ ^ '^^'^ *f 1*^.^" "f 

acid%elected from the group consisting of the product ^t^^^^^^t^ "^Jf^ '^^^/^ ^ 

polyunsaturated fatty add produced according to the "first" "T.rT" ^„^.'»'°°'°8y. and «he keyword asso- 
method. another polyunsaturated fatty acid produced 

according to the "second" method, and the final polyunsam- FIG- 2 represents the conUg 2692004 (SEQ ID N0:2). 

rated fatty acid produced according to the "third" method. 65 FIG. 3 represents the contig 2153526 (SEQ ID NO:3). 

The product polyunsaturated fatty acid may be, for example, FIG. 4 represents the contig 3506132 (SEQ ID N0:4). 

AA or EPA. The another polyunsaturated fatty add may be, FIG. S represents the contig 3854933 (SEQ ID NO:^. 
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FIG. 6 represents the contig 2511785 (SEQ ID N0:6). sequence ac004228 (SEQ ID N0:31). Qone A-16 does not 

FIG. 7 represents the contig 2535 (SEQ ID N0:7) gen- have an ATG; however, there is an ATG (underlined) 

crated based on contig 2511785 of FIG, 6 and contig upstream of where the sequence aligns with ac004228. 

3506132 of FIG. 4. FIG. 25 represents the nucleotide sequence identity 

FIG. 8 represents the contig 253538a (SEQ ID N0:8) ^ between the nucleotide sequence of a portion of clone A-19 

generated based on contig 2535 of FIG. 7 and contig (SEQ ID NO:32) of Group 5 and a portion of the GenBank 

3854933 of FIG. 5. sequence ac004228 (SEQ ID NO:33). Qonc A-IP docs not 

no. 9 represents the amino add sequence identity this clone matches the ac004228 

between the M. alpina AS-desaturase (Ma29) and the contig ^''^'''^ M^Mt^m of the BamHI site. 

253538a (SEQ ID N0*9) represents the partial nucleotide sequence of the 

HG. 10 represents the amino add sequence identity GenBank sequence acaW228 and t^^^^^ 

between the M, alpina A6-desaturase (M^24) (SEQ ID j'^^^J' ^"^""^ 

NO: 10) and the contig 253538a (SEQ ID N0:9). represents the nudeotide sequence identity 

„^ , - .... ... between the human A5-desaturase (SEQ ID NO:35) and 

HG. 11 represents vanous fatty acid biosynthesis pa A- 15 . ^^^^^ .^^^ 

ways. The role of the A5-desaturasc enzyme should be ^^^^^^j-^of y^c^yj iui^kj,ju). 

jjQjgj FIG. 28 represents the nucleotide sequence identity 

„ * ... , . t J r between the human A5-desaturasc (SEQ ID NO:37) and 

,K u r/Ji'^'f °" AO M^' 1*"/ <^ontig 2153526 (SEQ ID NO:38). 

the human A5-desaturase gene (human A5) (SEQ ID NO: 1). „t ^« . * 

. • J r 50 FIG- 29 represents the ammo acui sequence identity 

nG.13repr«eDU> theamm^^^ between the buman A5-desatw.se (SEQ U) NO:39) and 

^5^«^turas« (SEQ ID N0:11) translated from human A5 contig 253538a (SEQ ID NO:40). 

_ - 1. , .... FIG. 30 represents the amino acid sequence identity 

„^= .,* „*'>f^"o between the human A5-desaturase (SEQ ID NO:41) and 
pRAE-7 and pRAE-8 clones. ^ ^„,ig jg (ggQ ID NO:42). 

HQ. 15 represents the complete putative human desam- piG. 31 represents the amino acid sequence identity 

rase gene sequence (SEQ ID N0:12) from clone pRAE-7 bet^^en the M. alpina A6-desaturase (Ma524) (SEQ ID 

and the corresponding, translated amino acid sequence (SEQ nO:44) and the human the A5-desaturase (SEQ ID NO:43). 

ID N0*13^ \ ^ / 

' FIG. 32 represents the amino acid sequence identity 

HG. 16 illustrates the amino add sequence identity 30 between the M. alpina A5-dcsaturase (Ma29) (SEQ ID 

between the putative human desaturase gene in pRAE-7 NO:46) and the human A5-desaturase (SEQ ID NO:45). 

(SEQ ID N0:14) and the Jlf. alpina A5-desaturase (SEQ ID flG. 33 illustrates the human A5-desamrase activity of the 

gene in clone pRAE-28-5, compared to that in pRAE-26-1, 

FIG. 17 illustrates the amino acid sequence identity pRAE-33, and pRAE-35, when expressed in baker's yeast. 

^^^^^ 15^ PUx^^'^T desaturase gene in pRAE.7 35 piG. 34 illustrates the substrate spedfidty of the human 

(SEQ ID N0:16) and the M, alpina A6-desaturasc (SEQ ID A5-desaturase gene in clone pRAE-28-5, converting DGLA 

^^'^^)- (20:3n-6) to AA (20:4n-6), when the gene is expressed in 

HG. 18 illustrates the amino add sequence identity baker's yeast, 

between the putative human desaturase gene in pRAE.7 nFTAiiFn nF^rRlPTTON nPTHP 

(SEQ ID N0:18) and the contig 2535 (SEQ ID N0:19). 40 DETAILED DE^WraON OF THE 

FIG. 19 illustrates the amino acid sequence identity 

between the putative human desaturase gene in pRAE-7 The subject invention relates to the nucleotide and amino 

(SEQ ID NO:20) and the contig 38 (SEQ ID N0:21). ^^id sequence of the A5-desaturase gene derived from 

HG. 20 illustrates the amino add sequence identity h^aiK Furthermore the subject invention also indudes 

between the N-termiuus of clone A- 1 (SEQ ID NO:22), a uses of the gene and of the enzyme encoded by this gene. For 

representative of Group 1, and the N-terminus of the cyto- example, the gene and corresponding enzyme may be u^ 

chrome b5 sene production of polyunsaturated fatty acids such as, for 

ci^ -11 . . -I. I .-J 'J instance, arachidonic add, eicosapentaenoic acid, and/or 

FIG. 21 illustrates the nucleotide sequence identity . • j t.- u i_ j ^ t. 1 

- J? . * . i adremc acid which may be added to pharmaceutical 

between the nucleotide sequence of a portion of clone A-1 ... . 1 j . .u 1 t_i 

/ecri in xTn J « , 50 compositions, nutntional compositions and to other valuable 

(SEQ ID NO:24) and a portion of the GenBank sequence / ^ 

ac004228 (SEQ ID NO:25). £1° „ ^ 

^TJ^^!: The Human A5-Desamrasc Gene and Enzyme Encoded 

FIG. 22 represents the nucleoude sequence identity Thereby 

^oI.'^^^.S. v^^.'l^fx^^^^ sequence of a portion of clone 3-5 as noted above, the enzyme encoded by the human 

(SEQ ID NO:26) of Group 2 and a portion of the GenBank 55 A5Klesaturase gene is essential in the production of highly 

sequence acO04228 (SEQ ID NO:27). Gone 3-5 has an unsamrated polyunsaturated fatly adds having a length 

ATG withm a Ncol site, but translates four stops between the gj^aicr than 20 carbons. The nucleotide sequence of the 

ATG and the BamHI site. isolated human A5-desaturase gene is shown in FIG. 2, and 

FIG. 23 represents the nucleotide sequence identity the amino add sequence of the corresponding purified 

between the nucleotide sequence of a portion of clone A-10 ^ protein is shown in FIG. 3. 

(SEQ ID NO:28) of Group 3 and a portion of the GenBank As an example, the isolated human A5-desaturasc gene of 

sequence ac004228 (SEQ ID NO:29). Qone A-10 has an the present invention converts DGLA to AA or converts 

ATG 135 bp upstream of the BamHI site, giving an open 20:4n-3 to EPA. Thus, neither AA nor EPA, for example, can . 

reading frame of 1267 bp, be synthesized without the A5-desaturase gene (e.g., human 

FIG. 24 represents the nucleotide sequence identity 65 or M. alpina) and enzyme encoded thereby, 

between the nucleotide sequence of a portion of clone A-16 It should be noted that the present invention also encom- 

(S£Q ID NO:30) of Group 4 and a portion of the GenBank passes nucleotide sequences (and the corresponding 
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encoded proteins) having sequences corresponding to or 
complementary to at least about 50%, preferably at least 
about 60%, and more preferably at least about 70% of the 
nucleotides in sequence to SEQ ID N0:1 (i.e., the nucleotide 
sequence of the human A5-desaturase gene described herein 
(see FIG. 12)). Such sequences may be derived from non- 
human sources (e.g., C. elegans oi mouse). Furthermore, the 
present invention also encompasses fragments and deriva- 
tives of the nucleotide sequence of the present invention 
(i.e., SEQ ID NO:l), as well as of the sequences derived 
from Don-bumao sources, and having the above-described 
complementarity or correspondence. Functional equivalents 
of the above-sequences (i.e., sequences having human 
A5-desaturase activity) are also encompassed by the present 
invention. The invention also includes a purified polypeptide 
which desaturates polyunsaturated fatty adds at the carbon 
5 position and has at least about 50% amino acid similarity 
to the amino add sequence of the above-noted proteins 
which are, in turn, encoded by the above -described nucle- 
otide sequences. 

The present invention also encompasses an isolated nucle- 
otide sequence which encodes PUFA desatiu-ase activity and 
that is hybridizable, under moderately stringent conditions, 
to a nucleic acid having a nucleotide sequence correspond- 
ing to or complementary to the nucleotide sequence repre- 
sented by SEQ ID N0:1 and shown in FIG. 12. A nucleic 
acid molecule is "hybridizable" to another nucleic acid 
"molecule' when" a single=stranded form of the nucleic add 
molecule can anneal to the other nucleic acid molecule 
under the appropriate conditions of temperature and ionic 
strength (see Sambrook et al., "Molecular Cloning: A Labo- 
ratory Manual, Second Edition (1989), Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y.)). The condi- 
tions of temperature and ionic strength determine the "strin- 
gency" of the hybridization. "Hybridization" requires that 
two nucleic adds contain complementary sequences. 
However, depending on the stringency of the hybridization, 
mismatches between bases may occur. The appropriate 
stringency for hybridizing nucleic acids depends on the 
length of the nucleic adds and the degree of complemen- 
tation. Such variables are well known in the art. More 
specifically, the greater the degree of similarity or homology 
between two nucleotide sequences, the greater the value of 
Tm for hybrids of nucleic acids having those sequences. For 
hybrids of greater than 100 nucleotides in length, equations 
for calculating Tm have been derived (see Sambrook et al., 
supra). For hybridization with shorter nucleic acids, the 
position of mismatches becomes more important, and the 
length of the oligonucleotide determines its spedficity (see 
Sambrook et al., supra). 

Production of the Human A5-Desaturase Enzyme 

Once the gene encoding the human A5-desaturase enzyme 
has been isolated, it may then be introduced into either a 
prokaryotic or eukaryotic host cell through the use of a 
vector or construct. 

Iht vector, for example, a bacteriophage, cosmid or 
plasmid, may comprise the nucleotide sequence encoding 
the human A5-desaturase enzyme as well as any promoter 
which is functional in the host cell and is able to elicit 
expression of the human A5-desatiu'ase encoded by the 
nucleotide sequence. The promoter is in operable associa- 
tion with or operably linked to the nucleotide sequence. (A 
promoter is said to be "operably linked" with a coding 
sequence if the promoter affects transcription or expression 
of the coding sequence.) Suitable promoters include, for 
example, those from genes encoding alcohol 
dehydrogenase, glyceraldebyde-3-pbospbate 
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dehydrogenase, phosphoglucoisomerase, phospboglyoerate 
kinase, add phosphatase, T7, TPI, lactase, metallotbionein, 
cytomegalovirus immediate early, whey addic protein, 
glucoamylase, and promoters activated in the presence of 
5 galactose, for example, GALl and GALIO. AdditionaUy, 
nucleotide sequences which encode other proteins, 
oligosaccharides, lipids, etc. may also be included within the 
vector as well as other regulatory sequences such as a 
polyadenylation signal (e.g., the poly-A signal of SV-40T- 
10 antigen, ovalalbumin or bovine growth hormone). The 
choice of sequences present in the construct is dependent 
upon the desired expression products as well as the nature of 
the host cell. 

As noted above, once the vector has been constructed, it 

IS may then be introduced into the host cell of choice by 
methods known to those of ordinary skill in the art 
including, for example, transfection, transformation and 
electroporation (see Molecular Cloning: A Laboratory 
Manual, 2'^ ed., Vbl. 1-3, ed. Sambrook et al.. Cold Spring 

20 Harbor Laboratory Press (1989)). The host cell is then 
cultured under suitable conditions permitting expression of 
the desired PUFA which is then recovered and purified. 

Examples of suitable prokaryotic host cells include, for 
example, bacteria such as Escherichia colij Bacillus subtilis 

25 as well as cyanobacteria such as Spirulina spp. (i.e., blue-, 
green algae). Examples of suitable eukaryotic host cells 
include, for example, mammalian cells, plant cells, yeast 

— cells such as Saccharomyces cerevisiae, Saccharomyces 
carlsbergensis, Lipomyces starkey, Candida spp. such as 

30 Yarrowia (Candida) lipolytica, Kluyveromyces spp., Pichia 
spp., Trichodenna Spp. or Hansenula spp., or fungal cells 
such as filamentous fungal cells, for example, Aspergillus, 
Neurospora and Penicillium. Preferably, Saccharomyces 
cerevisiae (baker's yeast) cells are utilized. 

35 Expression in a host cell can be accomplished in a 
transient or stable fashion. Transient expression can occur 
from introduced constructs which contain expression signals 
functional in the host cell, but which constructs do not 
replicate and rarely integrate in the host cell, or where the 

40 host cell is not proliferating. Transient expression also can 
be accomplished by inducing the activity of a regulatable 
promoter operably linked to the gene of interest, althoug}] 
such indudble systems frequently exhibit a low basal level 
of expression. Stable expression can be achieved by intro- 

45 duction of a construct that can integrate into the host genome 
or that autonomously replicates in the host cell. Stable 
expression of the gene of interest can be selected for through 
the use of a selectable marker located on or transfected with 
the expression construct, followed by selection for cells 

50 expressing the marker. When stable expression results from 
integration, the site of the constructs integration can occur 
randomly within the host genome or can be targeted through 
the use of constructs containing regions of homology with 
the host genome suffident to target recombination with the 

55 host locus. Where constructs are targeted to an endogenous 
locus, all or some of the transcriptional and translational 
regulatory regions can be provided by the endogenous locus. 

A transgenic mammal may also be used in order to 
express the enzyme of interest (i.e., the human 

60 A5'desaturase), and ultimately the PUFA(s) of interest. 
More specifically, once the above-described construct is 
created, it may be inserted into the pronucleus of an embryo. 
The embryo may then be implanted into a redpient female. 
Alternatively, a nuclear transfer method could also be uti- 

65 lizcd (Schnickc et al., Science 278:2130-2133 (1997)). 
Gestation and birth are then permitted (see, e.g., U.S. Pat. 
No. 5,750,176 and U.S. Pat. No. 5;700,671). Milk, tissue or 
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Other fluid samples from the ofOspring should then contain 
altered levels of PUFAs, as compared to the levels normally 
found in the non -transgenic animal. Subsequent generations 
may be monitored for production of the altered or enhanced 
levels of PUFAs and thus incorporation of the gene encoding 
the human A5-desaturase enzyme into their genomes. The 
mammal utilized as the host may be selected from the group 
consisting of, for example, a mouse, a rat, a rabbit, a pig, a 
goat, a sheep, a horse and a cow. However, any mammal 
may be used provided it has the ability to incorporate DNA 
encoding the enzyme of interest into its genome. 

For expression of a human A5-desamrase polypeptide, 
functional transcriptional and translational initiation and 
termination regions are operably linked to the DNA encod- 
ing the desaturase polypeptide. Transcriptional and transla- 
tional initiation and termination regions are derived from a 
variety of nonexclusive sources, including the DNA to be 
expressed, genes known or suspected to be capable of 
expression in the desired system, expression vectors, chemi- 
cal synthesis, or from an endogenous locus in a host cell. 
Expression in a plant tissue and/or plant part presents certain 
efficiencies, particularly where the tissue or part is one 
which is harvested early, such as seed, leaves, fruits, flowers, 
roots, etc. Expression can be targeted to that location with 
the plant by utilizing specific regulatory sequence such as 
those of U.S. Pat. Nos. 5,463,174, 4,943,674, 5,106,739, 
5,175,095, 5,420,034, 5,188,958, and 5,589,379. 
-Alternatively, the expressed protein can be an enzyme which 
produces a product which may be incorporated, either 
directly or upon further modifications, into a fluid firactioo 
from the host plant. Expression of a human A5-desaturase 
gene, or antisense human A5-desaturase transcripts, can alter 
the levels of specific PUFAs, or derivatives thereof, found in 
plant parts and/or plant tissues. The human A5-desaturase 
polypeptide coding region may be expressed either by itself 
or with other genes, in order to produce tissues and/or plant 
parts containing higher proportions of desired PUFAs or in 
which the PUFA composition more closely resembles that of 
human breast milk (Prieto et al., PCT publication WO 
95/24494). The termination region may be derived from the 
3' region of the gene from which the initiation region was 
obtained or from a different gene. A large number of 
termination regions are known to and have been found to be 
satisfactory in a variety of hosts from the same and different 
genera and species. The termination region usually is 
selected as a matter of convenience rather than because of 
any particular property. 

As noted above, a plant (e.g.. Glycine max (soybean) or 
Brassica napus (canola)) or plant tissue may also be utilized 
as a host or host cell, respectively, for expression of the 
human A5-desaturase enzyme which may, in turn, be utilized 
in the production of polyunsaturated fatty acids. More 
specifically, desired PUFAS can be expressed in seed. Meth- 
ods of isolating seed oils are known in the art. Thus, in 
addition to providing a source for PUFAs, seed oil compo- 
nents may be manipulated through the expression of the 
human A5-desaturase gene, as well as perhaps other desatu- 
rase genes aiid elongase genes, in order to provide seed oils 
that can be added to nutritional compositions, pharmaceu- 
tical compositions, animal feeds and cosmetics. Once again, 
a vector which comprises a DNA sequence encoding the 
human A5-desaturase operably linked to a promoter, will be 
introduced into the plant tissue or plant for a time and under 
conditions sufficient for expression of the human 
A5-desaturase gene. The vector may also comprise one or 
more genes that encode other enzymes, for example, 
A4-desaturase, elongase, A6-desaturase, A12-desaturase, 
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A15-desaturase, A17-desamrase, and/or A19-desaturase. The 
plant tissue or plant may produce the relevant substrate (e.g., 
DGLA, GLA, EPA, 20:4n-3, etc.) upon which the enzymes 
act or a vector encoding enzymes which produce sudi 
substrates may be introduced into the plant tissue, plant ceU 
or plant. In addition, substrate may be sprayed on plant 
tissues expressing the appropriate enzymes. Using these 
various techniques, one may produce PUFAs (e.g., n-6 
unsaturated faUy acids such as AA, or n-3 fatty acids such 
as EPA or DHA) by use of a plant cell, plant tissue or plant. 
It should also be noted that the invention also encompasses 
a transgenic plant comprising the above -described vector, 
wherein expression of the nucleotide sequence of the vecU>r 
results in production of a polyunsamrated fatty acid in, fior 
example, the seeds of the transgenic plant. 

The subsU-ates which may be produced by the host cell 
either naturally or transgenically, as well as the enzymes 
which may be encoded by DNA sequences present in the 
vector which is subsequently introduced into the host cell, 
are shown in FIG. 11. 

In view of the above, the present invention encompasses 
a method of producing the human A5-desaturase enzyme 
comprising the steps of: 1) isolating the nucleotide sequence 
of the gene encoding human A5-desamrase enzyme; 2) 
constructing a vector comprising said nucleotide sequence; 
and 3) introducing said vector into a host ceD under time and 
conditions sufficient for the production of the desaturase 
enzymeV" 

The present invention also encompasses a method of 
producing polyunsaturated fatty acids comprising exposing 
an acid to the human A5-desaturase enzyme such that the 
desaturase converts the acid to a polyunsaturated fatty acid. 
For example, when 20:3n-6 is exposed to human 
A5'desamrase enzyme, it is converted to AA. AA may then 
be exposed to elongase which elongates the AA to adrenic 
acid (i.e., 22:4n-6). Alternatively, human A5-desamrase may 
t>e utilized to convert 20:4n-3 to 20:5n-3 which may be 
exposed to elongase and converted to (n-3)- 
docosapentaenoic acid. The (n-3)-docosapentaenoic acid 
may then be converted to DHA by use of A4-desaturase. 
Thus, human A5-desaturase may be used in the production 
of polyunsaturated fatty acids which may be used, in turn, 
for particular beneficial purposes. 

Uses of the Human A5-Desaturase Gene and Enzyme 
Encoded Thereby 

As noted above, the isolated human A5-desaturase gene 
and the desaturase enzyme encoded thereby have many uses. 
For example, the gene and corresponding enzyme may be 
used indirectly or directly in the production of polyunsatu- 
rated fatty acids, for example, AA, adrenic acid or EPA. 
(''Directly'* is meant to encompass the simation where the 
enzyme directly converts the acid to anptber acid, the latter 
of which is utilized in a composition (e.g., the conversion of 
DGLA to AA). ''Indirectly^* is meant to encompass the 
situation where an acid is converted to another acid (i.e., a 
pathway intermediate) by the desaturase (e.g., DGLA to AA) 
and then the latter acid is converted to another acid by use 
of a non-desaturase enzyme (e.g., AA to adrenic acid by 
elongase or by use of another desamrase enzyme (e.g., AA 
to EPA by A17-desaturase.)). These polyunsaturated fatty 
acids (i.e., those produced either directly or indirectly by 
activity of the desahirase enzyme) may be added to, for 
example, nutritional compositions, pharmaceutical 
compositions, cosmetics, and animal feeds, all of which are 
encompassed by the present inventioa. These uses are 
desaibed, in detail, below. 
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Nutritional Compositions those present in human milk or on an energy basis, i.e., on 

The present invention includes nutritional compositions. a per calorie basis. 

Such compositions, for purposes of the present invention, Methods for formulating liquid or solid enteral and 

include any food or preparation for human consumption parenteral nutritional formulas are well known in the art. 

including for enteral or parenteral consumption, which when 5 (See also the Examples below.) 

taken into the body (a) serve to nourish or build up tissues The enteral formula, for example, may be sterilized and 

or supply energy aod/or (b) maintain, restore or support subsequently utilized on a ready-to-feed (RTF) basis or 

adequate nutritional status or metabolic function. stored in a concentrated liquid or powder. The powder can 

The nutntional composition of the present invention com- be prepared by spray drying the formula prepared as indi- 
prises at least one oil or acid produced directly or iDdirectly 10 cated above, and reconstituting it by rehydrating the con- 
by use of the human A5-desaturase gene, in accordance with centrate. Adult and pediatric nutritional formulas are well 
the present invention, and may either be in a solid or liquid known in the art and are commercially available (e.g., 
form. Additionally, the composition may include edible Similac®, Ensure®, Jevity® and Alimentum® from Ross 
macronutrients, vitamins and minerals in amounts desired Products Division, Abbon Laboratories, Columbus, Ohio), 
for a particular use. The amount ofsuch ingredients wiU vary 15 An oil or acid produced in accordance with the present 
depending on whether the composition is intended for use invention may be added to any of these formulas, 
with normal, healthy infants, children or adults having The energy density of the nutritional compositions of the 
specialized needs such as those which accompany certain present invention, when in liquid form, may range from 
metabolic conditions (e.g., metabolic disorders). about 0.6 Kcal to about 3 Kcal per ml. When in solid or 

Examples of macronutrients which may be added to the 20 powdered form, the nutritional supplements may contain 

composition include but are not limited to edible fats, from about 1.2 to more than 9 Kcals per gram, preferably 

carbohydrates and proteins. Examples of such edible fats about 3 to 7 Kcals per gm. In general, the osmolality of a 

include but are not limited to coconut oil, soy oil, and mono- liquid product should be less than 700 mOsm and, more 

and diglycerides. Examples of such carbohydrates include preferably, less than 660 mOsm. 

but are not limited to glucose, edible lactose and hydrolyzed 25 The nutritional formula may include macronutrients, 

search. Additionally, examples of proteins which may be vitamins, and minerals, as noted above, in addition to the 

utilized in the nutritional composition of the invention PUFAs produced in accordance with the present invention. 

-include:but are-notdimited io-soy-proieins,-eIectrodialysed The -presence" of • these-additional 'components helps the 

whey, electrodialysed skim milk, milk whey, or the hydroly- . individual ingest the minimum daily requirements of these 

sates of these proteins. 30 elements. In addition to the provision of PUFAs, it may also 

With respect to vitamins and minerals, the following may be desirable to add zinc, copper, folic acid and antioxidants 

be added to the nutritional compositions of the present to the composition. It is believed that these substance boost 

invention: calcium, phosphorus, potassium, sodium, a stressed immune system and will therefore provide further 

chloride, magnesium, manganese, iron, copper, zinc, benefits to the individual receiving the composition. A 

selenium, iodine, and Vitamins A, £, D, C, and the fi 35 pharmaceutical composition may also be supplemented with 

complex. Other such vitamins and minerals may also be these elements. 

added. In a more preferred embodiment, the nutritional compo- 

The components utilized in the nutritional compositions sition comprises, in addition to antioxidants and at least one 

of the present invention will be of semi-purified or purified PUFA, a source of carbohydrate wherein at least 5 weight 

origin. By semi-purified or purified is meant a material 40 percent of the carbohydrate is indigestible oligosaccharide, 

which has been prepared by purification of a natural material In a more preferred embodiment, the nutritional composition 

or by synthesis. additionally comprises protein, taurine, and carnitine. 

Examples of nutritional compositions of the present As noted above, the PUFAs produced in accordance with 

invention include but are not limited to infant formulas, the present invention, or derivatives thereof, may be added 

dietary supplements, dietary substitutes, and rehydration 45 to a dietary substitute or supplement, particularly an infant 

compositions. Nutritional compositions of particular interest formula, for patients undergoing intravenous feeding or for 

include but are not limited to those utilized for enteral and preventing or treating malnutrition or other conditions or 

parenteral supplementation for infants, specialist infant disease states. As background, it should be noted that human 

formulas, supplements for the elderly, and supplements for breast milk has a fatty add profile comprising from about 

those with gastrointestinal di£5 cutties and/or malabsorption. 50 0.15% to about 0.36% as DHA, from about 0.03% to about 

Hie nutritional composition of the present invention may 0.13% as EPA, from about 0.30% to about 0.88% as AA, 

also be added to food even when supplementation of the diet from about 0.22% to about 0.67% as DGLA, and from about 

is not required. For example, the composition may be added 0.27% to about 1 .04% as GLA. Thus, fatty adds such as AA, 

to food of any type including but not limited to margarines, - EPA and/or docosahexaenoic add (DHA), produced in 

modified butters, cheeses, milk, yogurt, chocolate, candy, 55 accordance with the present invention, can be used to alter, 

snacks, salad oils, cooking oils, cooking fats, meats, fish and for example, the composition of infant formulas in order to 

beverages. better replicate the PUFA content of human breast milk or to 

In a preferred embodiment of the present invention, the alter the presence of PUFAs normally found in a non-human 

nutritional composition is an enteral nutritional product, mammal's milk. In particular, a composition for use in a 

more preferably, an aduh or pediatric enteral nutritional 60 pharmacologic or food supplement, particularly a breast 

product. This composition may be administered to adults or milk substitute or supplement, will preferably comprise one 

children experiencing stress or having specialized needs due or more of AA, DGLA and GLA. More preferably, the oil 

to chronic or acute disease states. The composition may will comprise from about 03 to 30% AA, from about 0.2 to 

comprise, in addition to polyunsaturated fatty acids pro- 30% DGLA, and/or from about 0.2 to about 30% GLA. 

duced in accordance with the present invention, 65 Parenteral nutritional compositions comprising from 

maaonutrients, vitamins and minerals as described above. about 2 to about 30 weight percent fatty adds calculated as 

The macronutrients may be present in amounts equivalent to triglycerides are encompassed by the present invention. The 
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preferred composition bas about 1 to about 25 weight invention can be tableted with conventional tablet bases 

percent of the total PUFA composition as GLA (U.S. Pat. such as lactose, suaose, and cornstarch in combination with 

No. 5,196,198). Other vitamins, particularly fat-soluble vita- binders such as acacia, cornstarch or gelatin, disintegrating 

mins such as vitamin A, D, E and L-carnitine can optionally agents such as potato starch or alginic acid, and a lubricant 
be included. When desired, a preservative such as alpha- 5 such as stearic add or magnesium stcarale. Capsules can be 

tocopherol may be added in an amount of about 0.1% by prepared by incorporating these excipicnts into a gelatin 

weight. capsule along with antioxidants and the relevant PUFA(s). 

In addition, the ratios of AA, DGLA and GLA can be The antioxidant and PUEA components should fit within the 

adapted for a particular given end use. When formulated as guidelines presented above. 

a breast milk supplement or substitute, a composition which 10 For intravenous administration, the PUFAs produced in 

comprises one or more of AA, DGLA and GLA will be accordance with the present invention or derivatives thereof 

provided in a ratio of about 1:19:30 to at>out 6:1:0.2, may be incorporated into commercial formulations such as 

respectively. For example, the breast milk of animals can Intralipids™. The typical normal adult plasma fatty add 

vary in ratios of AA:DGLA:GLA ranging from 1:19:30 to profile comprises 6.64 to 9.46% of AA, 1.45 to 3.11% of 
6:1:0.2, which includes intermediate ratios which are pref- is DGLA, and 0.02 to 0.08% of GLA These PUFAs or their 

erably about 1:1:1, 1:2:1, 1:1:4. When produced together in metabolic precursors can be administered alone or in com- 

a host cell, adjusting the rate and percent of conversion of a bination with other PUFAs in order to achieve a normal fatty 

precursor substrate such as GLA and DGLA to AA can be add profile in a patient. Where desired, the individual 

used to predsely control the PUFA ratios. For example, a 5% components of the formulations may be provided 
to 10% conversion rate of DGLA to AA can be used to 20 individually, in kit form, for single or multiple use. Atypical 

produce an AA to DGLA ratio of about 1:19, whereas a dosage of a particular fatty acid is from 0.1 mg to 20 g (up 

conversion rate of about 75% TO 80% can be used to to 100 g) daily and is preferably from 10 mg to 1, 2, 5 or 10 

produce an AA to DGLA ratio of about 6:1. Therefore, g daily. 

whether in a cell culture system or in a host animal. Possible routes of administration of the pharmaceutical 
regulating the timing, extent and specificity of human 25 compositions of the present invention include, for example, 

A5-desaturase expression, as well as the expression of other enteral (e.g., oral and rectal) and parenteral. For example, a 

desaturases and elongases, can be used to modulate PUFA liquid preparation may be administered, for example, orally 

levels and ratios. The PUFAs/acids produced in accordance or rectally. Additionally, a homogenous mixture can be 

with the present invention (e.g., AA and EPA) may then be completely dispersed in water, admixed under sterile coo- 
combined with other PUFAs/adds (e.g., GLA) in the desired 30 ditions with physiologically acceptable diluents, 

concentrations and ratios. preservatives, biiffers or propellants in order to form a spray 

Additionally, PUFA produced in accordance with the or inhalant 

present invention or host cells containing them may also be The route of administration will, of course, depend upon 

used as animal food supplements to alter an animal's tissue the desired effect. For example, if the composition is being 
or milk fatty acid composition to one more desirable for 35 utilized to treat rough, dry, or aging ddn, to treat injured or 

human or animal consumption. burned skin, or to treat sikin or hair affected by a disease or 

Pharmaceutical Compositions condition, it may perhaps be applied topically. 

The present invention also encompasses a pharmaceutical The dosage of the composition to be administered to the 

composition comprising one or more of the adds and/or patient may be determined by one of ordinary skill in the art 
resulting oils produced using the human A5-desaturase gene, 40 and depends upon various factors such as weight of the 

in accordance with the methods described herein. More patient, age of the patient, immune status of the patient, etc. 

spedfically, such a pharmaceutical composition may com- With respect to form, the composition may l>e, for 

prise one or more of the acids and/or oils as well as a example, a solution, a dispersion, a suspension, an emulsion 

standard, well-known, non-loxic pbarmaceutically accept- or a sterile powder which is then reconstituted, 

able carrier, adjuvant or vehicle such as, for example, 45 The present invention also includes the treatment of 

phosphate buffered saline, water, ethanol, polyols, vegetable various disorders by use of the pharmaceutical and/or nutri- 

oils, a wetting agent or an emulsion such as a water/oil tional compositions described herein. In particular, the com- 

emulsion. The composition may be in either a liquid or solid positions of the present invention may be used to treat 

form. For example, the composition may be in the form of restenosis after angioplasty. Furthermore, symptoms of 

a tablet, capsule, ingestible liquid or powder, injectible, or so inflammation, rheumatoid arthritis, asthma and psoriasis 

topical ointment or cream. Proper fluidity can be maintained, may also be treated with the compositions of the invention. 

forexample,by the maintenance of the required particle size Evidence also indicates that PUFAs may be involved in 

in the case of dispersions and by the use of surfactants. It caldum metabolism; thus, the compositions of the present 

may also be desirable to include isotonic agents, for invention may, perhaps, be utilized in the treatment or 

example, sugars, sodium chloride and the like. Besides such S5 prevention of osteoporosis and of kidney or urinary tract 

inert diluents, the composition can also include adjuvants, stones. 

such as wetting agents, emulsifying and suspending agents, AdditionaUy, the compositions of the present invention 

sweetening agents, flavoring agents and perfuming agents. may also be used in the treatment of cancer. Malignant cells 

Suspensions, in addition to the active compounds, may have been shown to have altered fatty add compositions, 

comprise suspending agents such as, for example, elhoxy- 60 Addition of fatty acids has been shown to slow their growth, 

lated isostcaryl alcohols, polyoxyethylene sorbitol and sor- cause cell death and increase their susccpU*bility to chemo- 

bitan esters, microcrystalline cellulose, aluminum therapeutic agents. Moreover, the compositions of the 

metahydroxide, bentonite, agar-agar and tragacanth or mix- present invention may also be useful for treating cachexia 

mres of these substances. associated with cancer. 

Solid dosage forms such as tablets and capsules can t>e 65 The compositions of the present invention may also be 

prepared using techniques well known in the art. For used to treat diabetes (see U.S. Pat. No. 4,826^77 and 

example, PUFAs produced in accordance with the present Horrobin et al.. Am, J. Clin. Nutr, VoL 57 (SuppL) 
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732S-737S). Altered fatty acid metabolism and composition 
have been demonstrated in diabetic animals. 

Furthermore, the compositions of the present invention, 
comprising PUFAs produced either directly or indirectly 
through the use of the human A5-desaturase enzyme, may 
also be used in the treatment of eczema, in the reduction of 
blood pressure, and in the improvement of mathematics 
examination scores. Additionally, the compositions of the 
present invention may be used in inhibition of platelet 
aggregation, induction of vasodilation, reduction in choles- 
terol levels, inhibition of proliferation of vessel wall smooth 
muscle and fibrous tissue (Brenner et aL, Adv, Exp. Med, 
Biol Vol. 83, p.85-101, 1976), reduction or prevention of 
gastrointestinal bleeding and other side effects of non- 
steroidal anti-inflammatory drugs (see U.S. Pat. No. 4;666, 
701), prevention or treatment of endometriosis and premen- 
strual syndrome (see U.S. Pat. No, 4,758,592), and treatment 
of myalgic encephalomyelitis and chronic fatigue after viral 
infections (see U.S. Pat. No. 5,116,871). 

Further uses of the compositions of the present invention 
include use in the treatment of AIDS, multiple sclerosis, and 
inflammatory skin disorders, as well as for maintenance of 
general health. 

Additionally, the composition of the present invention 
may be utilized for cosmetic purposes. It may be added to 
pre-existing cosmetic compositions such that a mixture is 
formed or may be used as a sole composition. 
TiVeierin a ry Applica tions' ~ ~ ~ 

It should be noted that the above -described pharmaceu- 
tical and nutritional compositions may be utilized in con- 
nection with animals (i.e., domestic or non-domestic), as 
well as humans, as animals experience many of the same 
needs and conditions as humans. For example, the oil or 
acids of the present invention may be utilized in animal feed 
supplements, animal feed substitutes, animal vitamins or in 
animal topical ointments. 

The present invention may be illustrated by the use of the 
following non-limiting examples: 

EXAMPLE! 

Human Desatwase Gene Sequences 

As described in International Application PCTAJS98/ 
07422 (herein incorporated in its entirety by reference), the 
putative human desaturase gene sequences involved in long 
chain polyunsaturated fatty acid biosynthesis were isolated 
based on homology between the human cDNA sequences 
znd Mortierella alpina desaturase gene sequences. The three 
conserved "bistidine boxes" known to be conserved among 
membrane-bound desaturases were found. As with other 
membrane-bound desaturases, the final HXXHH histidine 
box motif was found to be QXXHH. The amino acid 
sequence of the putative human desaturases exhibited 
homology to M. alpina A5-, A6-, A9-, and A12-desaturases. 

The M. alpina A5-desaturase and A6-desaturase cDNA 
sequences were used to search the LifeSeq database of 
Incyte Pharmaceuticals, Inc., Palo Alto, Calif. The 
A5-desaturase sequence was divided into fragments: 1) 
amino add no. 1-150, 2) amino acid no. 151-300, and 3) 
amino acid no. 301-446. The A6 desaturase sequence was 
divided into three fragments: 1) amino acid no. 1-150, 2) 
amino acid no. 151-300, and 3) amino acid no. 301—457. 
These polypeptide fragments were searched against the 
database using the *'tblasm" algorithm. This algorithm com- 
pares a protein query sequence against a nucleotide 
sequence database dynamically translated in all six reading 
frames (both strands). 
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The polypeptide fragments 2 and 3 of M. aljnna A5- and 
A6-desaturases have homologies with the ClonelD 
sequences as outlined in FIG. 1. The GonelD represents an 
individual sequence from the Incyte LifeSeq database. After 
5 the "tblastn" results had been reviewed, Clone Information 
was searched with the default settings of Stringency of 
>"50, and Productscorc <olOO for different GonelD num- 
bers. The Clone Information Results displayed the informa- 
tion including the GusterlD, ClonelD, Library, HitID, and 
Hit Description, When selected, the ClusterlD number dis- 
played the clone information of all the clones that belong in 
that ClusterlD. The Assemble command assembled all of the 
QonelD which comprise the QusterlD. The following 
default setting were used for GCG (Genetics Computer 
Group, University of Wisconsin Biotechnology Center, 
15 Madison, Wis.) Assembly: 

Word Size: 7; Minimum Overlap: 14; Stringency: 0.8; 
Minimum Identity: 14; Maximum Gap: 10; Gap 
Weight: 8; and Length Weight: 2. 
GCG Assembly Results displayed the contigs generated on 
20 the basis of sequence information within the ClonelD. A 
contig is an alignment of DNA sequences based on areas of 
homology among these sequences. A new sequence 
(consensus sequence) was generated based on the aligned 
DNA sequence within a contig. The contig. containing the 
25 QonelD was identified, and the ambiguous sites of the 
consensus sequence were edited based on the alignment of 
the ClonelDs (see FIGS. 2-6) to generate the best possible 
sequencerTherprocedurerwas repeated'for'all six ClonelD 
listed in FIG. 1. This produced five unique contigs. Tbe 
30 edited consensus sequences of the 5 contigs were imported 
into the Sequencher software program (Gene Codes 
Corporation, Ann Arbor, Mich.). These consensus sequences 
were assembled. The contig 2511785 overlaps with contig 
3506132, and this new contig was called 2535 (FIG. 7). The 
35 contigs from tbe Sequencher program were copied into the 
Sequence Analysis software package of GCG. 

Each contig was translated in all six reading frames into 
protein sequences. The M. alpina A5-desaturase (Ma29) and 
A6-desaturase (Ma524) sequences were compared with eadi 
40 of the translateid contigs using the FastA search (a Pearson 
and Lipman search for similarity between a query sequence 
and a group of sequences of the same type (nucleic acid or 
protein)). Homology among these sequences suggest the 
open reading fi^ames of each contig as underlined in FIGS. 
45 3, 5, and 7. The homology among tbe M. alpina tsS- and 
A6-desanirase sequences to contigs 2535 and 3854933 were 
utilized to create the final contig called 253538a (see FIG. 
8). FIG. 9 is the FastA match of the translated sequences of 
the final contig 253538a and Ma29, and RG. 10 is the FastA 
50 match of the translated sequences of the final contig 
253538a and Ma524. 

Although the open reading frame was generated by merg- 
ing tbe two contigs, the contig 2535 shows that there is a 
um'que sequence in the beginning of this contig which does 
55 not match with the contig 3854933. Therefore, it is possible 
that these contigs were generated from independent 
desaturase-like human genes. 

The contig 253538a contains an open reading frame 
encoding 432 amino acid (FIG. 8, underlined). It starts with 
60 Gb (CAG) and ends with the stop codon (TGA) (both in 
bold). The contig 253538a aligns with both M. alpina A5z. 
and A6-de.saturase sequences, suggesting that it could be 
either of the desaturases, as well as other known desaturases 
which share homology with each other. The individual 
65 contigis listed in FIG. 1, as well as the intermediate contig 
2535 and the final contig 253538a can be utilized to isolate 
the complete genes for human desaturases. 
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DetenniaatioD of Human AS-Desaturase Geoe Sequence 

Primers R0384 and R0388 were designed based on the 5' 
and 3* sequences, respectively, of contig 2535. The human 
monocyte cDNA library (Clonlech, Palo Alto, Calif.) was 
amplified with the vector primer R0329 (5'-CAG ACC AAC 
TGG TAA TGG TAG-3') SEQ ID NO:49) and R0384 
(5'-TCA GGC CCA AGC TGG ATG GCT GCA ACA 
TG-3'), (SEQ ID NO:50) and also with the vector primer 
R0328 (5'-CTC CTG GAG CCC GTC AGT ATC-3') (SEQ 
ID N0:51) and R0388 (5'-ATG GTG GGG AAG AGG 
TGG TGC TCA Arc TG-3') (SEQ ID NO:52). Polymerase 
Chain Reaction (PCR) was carried out in a 100 fiX volume 
containing: 1 /il of human monocyte cDNA library, 10 pM 
each primer, 10 /il of lOxbuffer and 1.0 U of Taq Poly- 
merase. Thermocycler conditions in Perkin Elmer 9600 
were as follows: 94* C. for 2 mins, then 30 cycles of 94** C 
for 1 min., 58** C. for 2 mins. and 72* C. for 3 mins. PCR 
was followed by an additional extension at 72® C. for 7 
minutes. 

The PCR amplified mixture was run on a gel, and the 
amplified fragments were gel purified. The isolated fragment 
from PCR amplification with R0329 and R0384 was 
approximately 900 bp, and that from PCR amplification with 
R0328 and R0388 was approximately 650 bp. These iso- 
lated fragments were filled -in using T4 DNA polymerase. 



The 5' end of the gene, the ATG (Methionine), is neces- 
sary for expressing the human desaturase in yeast. FIGS. 16 
and 17 show that pRAE-7 is probably just the last of a 
desaturase gene. Several of the omega-3 and omega-6 fatty 
5 acid desaturases, as well as the linoleoyl-CoA desaturase 
mentioned above, are smaller than the M. alpina A5- and 
A6-desaturases, ranging in sizes of 359-380 amino acids. It 
was concluded from all of the sequences evaluated thus far 
that the isolated gene probably needed anywhere from 
10 180-460 bp (60-160 amino acids) of additional 5' sequence 
for expressing a complete enzyme. 

In order to extend the 5' sequence of the human desaturase 
gene, the Marathon cDNAAmplification Kit (Qontech, Palo 
Alto, Calif.) was used to screen the human liver marathon 
15 ready cDNA (Clontech). The rapid amplification of cDNA 
ends (RACE) reactions are efficient for both 5* and 3* 
long-distance PCR. Following the 5' RACE protocol out- 
lined in the kit, the primers RO430 (5'-GTG GCT GTT GTT 
- AFT GGT GAA GAF AGG CAF C-3') (designed based on 
20 the pRAE-7 gene 3' sequence, downstream of the TAA 
(stop)) and the marathon adaptor primer (API) from the kit, 
were used to generate three PCR amplified products, which 
were designated A, B, and C. The fi^agment sizes were 
approximately 1.5 Kb, 1.4 Kb, 1.2 Kb, respectively. The 



and the fiUed-in fragments were cloned into the PCR -Blunt 25 fragments were filled-in with T4 DNA polymerase, and 



cloned into the pCR-blunt vector. A total of twenty-two 
clones were generated and sequenced. Using the FastA 
algorithm, the sequences were searched against the Gen- 
EMBL database of GCG. 

Many of the sequences had a great homology to the 
human DNA sequence with the GenBank accession number 
of AC004228. This DNA sequence is described as: Sequenc- 
ing in Progress* Homo sapiens Chromosome llql2pac 
pDJ519o3; HTGS phase 1,18 unordered pieces. The 18 



vector (Invitrogen Corp., Carlsbad, Calif.). The clone of 
R0329/RO384 amplified fragment was designated as 

~pRAE-7, and-the- clone of R0328/R0388 amplified fi-ag- " 
ment was designated as pRAE-8. Both ends of the clones 

were sequenced using ABl 373 DNA Sequencer (Applied 30 
Biosystems, Foster City, Calif.) and assembled using the 
Sequencher program (a sequence analysis program. Gene 
Codes Corporation, Ann Arbor, Mich.). This assembly of the 
sequences revealed that the two clones contained difiTerent 

sizes of the same gene (FIG. 14). Jht complete sequence of 35 contigs were recorded in an arbitrary fashion. Using this 

the pRAE-7 gene was compiled (FIG. 15) and searched sequence information and the information from the 

against the known sequences in the public database. assembled sequences of the clones, the clones were catego- 

Hie FastA algorithm is a Pearson and Lipman search for rized into five groups, 

similarity between a query sequence and a group of All of the clones have the same sequence downstream of 

sequences of the same type (nucleic acid or protein). The 40 the BamHl site (see FIG. 12, underlined). But each group 

pRAE-7 gene sequence was translated in six reading frames, represents a different 5' sequence, with a total of 10 clones 

and using this method, the Swissprot database (Genetics being too short to be the full length gene. Group 1, repre- 

Ccmputer Group (GCG) (Madison, Wis.) was searched. The sented by clone A-1, is comprised of 5 clones which have 

gene in pRAE-7 was identified as a putative human desam- homology to cytochrome b5 gene (FIG. 20). A translational 

rase based on its homology to known desanirases. The 45 start codon, AIXj, is not present in clone A-1; however, as 

Swissprot database search produced matches against the can be seen in FIG. 21, there is an ATG (underlined) present 

omega-3 fatty acid desaturase from mung bean (23.4% in the ac004228 sequence 17 bp upstream of the strong area 

identity in 303 AA overlap), linoleoyl-CoA desamrase from of homology between A-1 and ac004228. Starting from the 

Synecbocystis sp. (24.3% identity in 280 AA overlap), strong area of homology, A-1 has an open reading frame of 

omega-6 fatty acid desanirase from soybean (19.7% identity 50 1318 bp. However, starting from the AFG, the open reading 

in 284 AA overlap), and acyl-CoA desamrase 1 from Sac- frame is 1335 bp. Group 2, represented by clone 3-5, is. 

charomyces cerevisiae (21.6% identity in 134 AA overlap). comprised of 3 clones which have an ATG within an Ncol 

The FastA search against the M. alpina desaturases pro- site, but four translational stop codons between the AFG and 

duced matches against the A6-(31.9% identity in 285 AA the BamHI site (FIG. 22, the Ncol, BamHI sites are in bokl, 

overlap), the A5-(28.4% identity in 292 AA overlap), and the 55 and the four termination codons are underlined). Group 3 is 

A12-(23.0% identity in 274 AA overlap) desaturases. The comprised of one clone, A-10, which has an AFG 135 bp 

matched sequence alignment of the putative human desatu- upstream of the BamHI site, giving an open reading frame 

rase gene in pRAE-7 against A/, alpina A5-desatiu'ase of 1267 bp (FIG. 23). Group 4 is comprised of 2 clones, 

(Ma29), M. alpina A6-desaturasc (Ma524) as well as to the represented by clone A-16, which does not have an AFG; 

contigs 2535 and 38 are displayed in FIGS. 16, 17, 18, and 60 however, upstream of where the sequence aligns with 

19 respectively. ac004228, there is an ATG (FIG. 24, tmderlined). The open 

The contigs 2535, 38, and 253538a were generated based reading frame of this group is 1347 bp. Group 5 is comprised 

on assemblies of various sequences as well as their homolo- of one clone which does not have an ATG. However, this 

gies against the known desaturases. However, upon exam- clone matches the ac004228 sequence even upstream of the 

ining FIGS. 18 and 19, it can be concluded that the contigs 65 BamHI site (FIG. 25). 

are merely indications as to what the sequences of the human As illustrated in FIG. 26, many of the clones from the five 

desaturases might possibly be. groups are represented in order with the ac004228 sequence. 
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There appeared to be a high level of splicing, with the the purified fragment was cloned into pYX242 (Nool/ 

sequence downstream of the BamHI site (in bold) acting as Hindlll). This new clone was designated as pRAE-33. 

the common anchor for the various 5' exons. All of the Two primers which were modified with 5' phosphate, 

potential start sites arc also in bold, and the sequences found R0578 (5'-CAT GGC TAG GAG AGG CAG CGC AGC 

within the clones have been underlined. 5 CGC GTC TGG AC-S*) (SEQ ID NO:59) and R0579 

The A-1 sequence was used to search the LifcSeq data- (5'-CTA GGT CCA GAC GCG GCT GCG CTG CCT CTC 

base of Incyte Pharmaceuticals, Inc., Palo Alto, Calif., to see CTA GC-3') (SEQ ID N0:60), were annealed together to 

if its latest version would also have sequences with horaol- ^° adaptor. This adaptor which has Ncol and Blnl 

ogy to our desaturase gene sequence. Two contigs were overhangs, were ligated with the A-16 clone, which bad 

generated in this search, contig 3381584 and contig lO been cut with Bld2^indI^al^^^^ 

2153526. The human desaturase gene sequence was initiaUy room temperature. The pYX242 (Nco /Hindlll) vector was 

compiled based on sequences from Group I clones and ^^^^^^ ^^g^Jj^" °^^^Tf aUowed to mcubate at 

ac004228. However, FIG. 12 represents the actual DNA temperature for ^ additional 45 mm. Tins produced a 

sequence of the isolated gene. The Incyte contigs were used designated as pRAE.35. 

to confirm this sequence (see FIGS. 27 and 28). The human 15 EXAMPLE DI 

desaturase translated sequence, consisting of 445 amino . f., A<-rN . 

rp,^ 1 . u J M. .u • • 1 Expression of Human A5-Desaturase 

aads (FIG. 13), was also matched with the original contigs ^ 

253538a and 38. These alignments are shown in FIGS. 29 The constructs pRAE-26-1, pRAE-28-5, pRAE-33, and 

and 30, respectively. pRAE-35 were transformed into S. cerevisiae 334 and 
The FastA search of the human desaturase gene against 20 screened for desaturase activity. The substrates DGLA 

the Swissprot database produced matches against the (20;3n-6), OA (18:ln-9), AA (20:4n-6), and LA (18:2n-6) 

omega-3 fatty acid desanirase from mung bean (22.4% were used to determine the activity of the expressed gene 

identity in 381 AA overlap), linoleoyl-CbA desaturase from ^om constructs pRAE-26-1 and pRAE-28-5. Only the sub- 

Synechocystis Sp. (24.5% identity in 335 AA overlap), strate DGLA was used to determine the activity of the 
omcga-6 fatty acid desaturase from soybean (203% identity 25 expressed gene from all of the constructs. The negative 

in 290 AA overlap), and acyl-CoA desamrase 1 from Sac- control strain was 5. cerevisiae 334 containing the unaltered 

charomyces cerevisiae (21 .4% identity in 1 68 AA overlap). pYX242 vector. The cultures were grown for 48 hours at 30" 

The FaslA search against M, alpina desaturases produced C., in selective media (Ausubel et al., Short Protocols in 

matches against the A6-(30.5% identity in 455 AA overlap). Molecular Biology, Ch. 13, P. 3-5 (1992)), in the presence 
A5-(27.5% identity in 455 AA overlap), and A12-desaturases 30 » particular substrate. Lipid fractions of each culmre were 

(22.5% identity in 382 AA overlap). The FastA match of the extracted for analysis. The desaturase activity results are 

human desamrase translated sequence against the ma524 provided in FIGS. 33 and 34. 

(M, alpina A6-desatura5e) and ma29 (A/, alpina All of the values in FIG. 33 are the average of two 

A5-desaturase) sequences are shown in FIGS. 31 and 32, separate samples per strain, tested in the same run. The 
respectively. 35 substrate, as well as the fatty add it was converted to, is 

shown in bold. The expressed gene in the strain 334 (pRAE- 

EXAMPLE II 28-5) is a A5"desamrase. It converted the substrate DGLAto 

Construction of Qones ^ ^^'^her percent of AA than the control strain 334 (pYX242), 

0.127% vs. 0.062%, respectively. The percent of AA present 
New clones were generated based on clones from three of 4q in the culmres of strains 334 (pRAE-26-1), 334 (pRAE-33), 

the Groups mentioned above, clones A-1, A- 10, and A-16. and 334 (pRAE-35) are comparable to that of the control 

Two primers which were modified with 5* phosphate, strain (0.075%, 0.062%, and 0.063%, respectively). 

R0526 (5'-CAr GGC CCC CGA CCC GGT GG-y) (SEQ Therefore, it can be concluded that the cyt b5 sequence 

ID NO:54) and R0527 (5'-GCG GCC ACC GGG TCG containing gene in the construct pRAE-28-5 expresses an 

GGG GC-3') (SEQ ID NO:55), were annealed together to 45 active human A5-desamrase; whereas, the other variations of 

form an adaptor. This adaptor which has Ncol and Bsal the gene do not. 

overhangs, were ligated with the A-l clone, which had been The activity of the human A5-desaturase was frirther 

cut with Bsal/Hindlll and gel purified, for 15 min at room confirmed in the experiment outlined in FIG. 34. Inchided in 

temperanire. The pYX242(NcoI/HiDdni) vector (Novagen, this figure are the fatty add profiles of the strains 334 

Madison, Wis.) was added to this ligation mixnire and 50 (pRAE-28-5), 334 (pRAE-26.1), and the control strain 334 

aUowed to incubate at room temperanire for an additional 45 (pYX242) when DGLA (20:3n.6), OA (18:ln-9), AA 

min. This produced a clone designated as pRAE-28-5. (20:4n-6),orLA(18:2n-6) was used as the substrate, as well 

(PlasmidpRAE-28-5 was deposited with the American Type ^ ^^^^ no substrate was added. Again, the strain 334 

CultureCoUection, 10801 University Boulevard, Manassas, (pRAE-28-5) expressed an active human A5-desaturase, 

Va. 20110.2209 on Dec. 22, 1998, under the terms of the 55 converting DGLA to AA at a higher percem than the control 

Budapest Treaty, and was accorded ATCC number 203557.) strain, 0.106% vs. 0.065%, respectively. Hie strain 334 

The A-10 clone was PCR amplified with R0512 (5'-GAT (pRAE-26-1) had about the same amount of AA (0.06%) as 

TGG GTG CCA TGG GGA TGC GGG ATG AAA AGG the control. The conversion of the substrate OA to LA was 

C-3*) (SEQ ID NO:56) and R05 (5'-GAA ACA GCT AFG not detected, confirming that the strains do not have a 

ACC ArG-35 (SEQ ID N0:57), the amplified product was 60 A12-desaturase activity. The conversion of the suljstrate AA 

cut with Ncol and Hindlll and gel purified, and the purified to eicosapentaenoic acid (EPA, 20:5n-3) was detected, but at 

fragment was cloned into pYX242 (Ncol/Hindlll). This new a very low level equal to that of the control strain, confirm- 

clone was designated as pRAE-26-1. ing that the strains do not have a A17-desaturase activity. 

The A-10 clone was also PCR amplified with RO580 The conversion of the substrate LA to GLA was detected, 

(5'-TCC TS TGC GAA TTC ACC ATG AAA AGG CGG 65 but again at a very low level equal to the control strain, 

GAG AGA 0-3) (SEQ ID NO:58) and R05, the amplified confirming that the strains do not have a A6-desamFase 

product was cut with Ncol and Hindlll and gel purified, and activity. 
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The present sequence (FIG. 12) dififers from the Genbank kb long. The recombinant bacmid DNA was analyzed on a 

sequence g3169158 of the LJfeSeq database with respect to 0.6% agarose gel to confirm the presence of the high 

two positions. In particular, with respect to the nucleotide molecular weight DNA. PCR analysis, using pUC/M13 

sequence of sequence g3169158, position 1082 is an adenos- primers (forward 5*-TGTAAAACG ACG GCC AGT-3' and 

ine; however, in the present sequence position 1082 is a 5 reverse 5'-GAA ACA GCT ATG ACC ATGO^ was also 

thymine (sec FIG. 12). Furthermore, position 1229 of perfonned to confirm the coirect insert size for the dcsatu- 

sequence g3169158 is an adenine whereas in the present g^NA within the bacmid. 
sequence position 1229 is a guanine. In terms of an amino 

acid sequence comparison, position 361 of the present The Sf9 insect cells {Spodoptera frugiperda) were used 
sequence is a leucine (see FIG. 13), and position 361 of lo for the recombinant bacmid DNA iransfection. These cells 

sequence g3169158 is a glutamine. Furthermore, position were grown in serum free media (Gibco-BRL, Gaithersburg, 

410 of the present sequence is an arginine, whereas position Md.). Transfection was carried out according to the CfcU: 

410 of sequence g3169158 is a histidine. AdditionaUy, PECTIN Sf900 protocol (Gibco-BRL, Gaithersburg, Md.). 

sequence g31 69158 is described, in the database, as a The recombinant virus was recovered by collecting the 

"hypothetical protein" whidi "exhibits similarity to molifis 15 supernatant at 72 hours post-transfection. A plaque assay 

found in delta 6 desaturase, a hypothetical cytochrome b5 was performed on the supernatant to determine the titer of 

containing fusion protein." However, as demonstrated in the recovered recombinant virion particles. A recombinant viral 

above example, the protein encoded by the sequence in FIG. ^lock was made for the expression studies. All infections 

12 is a human AS-desaturase, not a A6-desaturase. ^^j, j^e recombinant virus were done during the mid- 

EXAMPLE IV logarithmic growth phase of the Sf9's and infected at 5 MOI 

(Multiplicity of Infection). To analyze the activity of the 

Expression of Human A5-Desaturase in Insect Cells expressed human A5-desanirase gene, the Sf9m cells were 

Insect cells were used as another eukaryotic host for P^a^d at a concentration of 1x10* cellVwcU in a 6-well 

expression of the human A5 -desaturase. The baculovirus 25 ^^^^^ culmrc plate and infected with 100 fi\ of the virus 

expression system involves the use ofinsect cells to express stock (approximately 5 MOI). The substrate, dihomo- 

a gene, in this case, the human A5 -desaturase, which has gamma-linolenic acid (DGLA, C20:3n-6). was supple- 
— been cloned into-a-baculovirus- expression-vector. Insect — mented at the time-of-infection, at a concentration of 100 

ceiis are known to have no endogenous PUFA desaturase /iM. A mock infected Sf9, as well as cells infected with a 

activities. Therefore, this system is suitable for expression 33 recombinant virus containing the GusA reporter gene, were 

and characterization of the recombinant desaturases. used as negative controls in each experiment. The medium 

The fragment containing the human A5-desaturase gene was collected 48 hours post infection and saved. The cells 

(pRAE-28-5, see EXAMPLE II) was PCR amplified using were collected and submitted for lipid analysis. 

Expand High Fidelity PCR System (Boehringer Mannheim „ ^ . , , . „ « ^ ♦ l ^ 

Corp., Indianapolis, Ind.) and a set of primers containing 35 ^^^^ ^°/^y^^' P^^^^^ ^Vf ^'l'^ \ 

appropriate restriction sites. The upstream primer designated °^ methanol, foUowcd by the addition of 12 ml of 

R0676(5'-ArACGTGAATrCGCCGCCACCArGGCC chloroform and tridecanom (as mleraal standard). The mix- 

CCC GAC CCG GTG-3') (SEQ ID NO:49) corresponded to were incubated for at least one hour at room tcmpera- 

the sense strand of AScDNA and contained an EcoRI sites' turc or at 4* C. overnight The chloroform layer was 

upstream of the ATG. The downstream primer R0677 40 extracted and filtered through a Whatman filter with one 

(S'-TAT CCG CTC GAG TEA TTG GTG AAG ATA GGC gram of anhydrous sodium sulfate to remove particulates 

Arc TAG-3') (SEQ ID NO:48) corresponded to the anti- and residual water. The organic solvents were evaporated at 

sense strand at the 3' end of the A5 cDNA, and included an 40® C. under a stream of nitrogen. The extracted lipids were 

Xhol site immediately downstream of the translation al ter- derivatized to fatty acid methyl esters (FAME) for gas 

mination codon. The PRC reaction, in a final volume of 100 45 chromatography analysis (GQ by adding 2 ml of 0 J N 

was carried out as follows: 5 mins dcnaturation at 94** C, potassium hydroxide in methanol to a closed tube. The 

then 45 seconds at 94° C, 45 seconds at 55* C. and 2 min samples were heated at 95 to 100** C, for 30 minutes and 

at IT* C. for 30 cycles, and 7 mins. extension at 72* C. at cooled to room temperature. Approximately 2 ml of the 14% 

the end of the amplification, llie human A5 PCR amplified boron trifiuoride in methanol was added and the heating 

product was analyzed by agarose-gel electrophoresis, gel 50 repeated. After the extracted lipid mixmre cooled, 2 ml of 

purified, digested with EcoRI and Xhol, and then ligated water and 1 ml of hexane were added to extract the FAME 

into pFastBacl baculovirus donor plasmid (Gibco-BRL, for GC analysis. The percent conversion was calculated by 

Gaithersburg, Md.) which was restricted with the same dividing the product produced by the sum of (the product 

enzymes. The respective baculovirus clone was designated produced and the substrate) and then multiplying by 100. 

as pJPBh4 for the human A5-desaturase. This pFastBacl 55 ™,_ r j • • _ n • r . j -.u 

vector contains an expression cassette which has a polyhe- The fatty acid synthesis m insect celk mfected with 

drin promoter, a SV40 polyadenylation signal, and a genta- recombinant virus contaimng the human A5 cDNA is sum- 

»nofL>/r ^ manzed m Table 1. The conversion of the added substrate, 

mycm resistance marker. ^ ^ . • ••. * ^ 

•L t . f A • VT1 ui 11 DGLA (C20:3n-6), to arachidomc acid (AA, 20:4n-6) was 

The imtial transformation was done m XLl blue ceils j rn. r u-j • -j /a a ^r\ A <\ 

1 u J /- i n 1 mom lored. The quantity of arachidonic acid (AA, 20:4n-6) 

(Invitroeen, Carlsbad, Calif.). Positive clones were then 60 . a^j *. n ^n/jr r .u- 

* r J • ♦ r nuinn rr- u not produced by thc human A5-desaturase was 9.67% of the 

transformed into E coh DHlOBac (Gibco-BRL. fold My add versus the control which did not produce any 

Gaithersburg Md.) which con a.ns the baculovirus genome. ^ , 29.656 conveision of DGIA to AA. 
The positive clones were selected by blue white screenmg m 

which white colonies contain the recombinant bacmid. These data indicate that the human A5-desaturase can be 

White colonies were then selected for bacmid DNA isola- 65 expressed in another eukaryotic host (insect ceils) in a 

tion. DNA was isolated using a Qiagen plasmid isolation kit biologically active form as demonstrated by the production 

(Qiagen, Inc., Valencia, Calif.), specific for DNA over 135 of AA. 
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Fatty Acid 


Human A5 


Control 




18:10-9 


• 19.15 


19.99 


5 


18:3b-6 


2.43 


5.18 




-20:3n-6 


22.95 


3OJ0O 




20:4n-6 (29.6%) 


9.67 


ND 




22:ln-9 


0.11 


0.25 





"indicates substrate added 
ND indicates None Detected 
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Nutritional Compositions 

The PUFAs described in the Detailed Description may be 15 
utilized in various nutritional supplements, infant 
formulations, nutritional substitutes and other nutritional 
solutions. 

I. Infant Formulations 
A. Isomil® Soy Formula with Iron 

Usage: As a beverage for infants, children and adults with 
an allergy or sensitivity to cows milk. A feeding for patients 
with disorders for which lactose should be avoided: lactase 
deficiency, lactose intolerance and galactosemia. 
Features 

Soy protein isolate to avoid symptoms of cowls-milk- 

protein allergy or sensitivity. 
Lactose -free formulation to avoid lactose-associated diar- 



Soy protein isolate with added L-methionine meets or 
exceeds an infant's requirement for all essential amino 
acids. 

Lactose-free formulation to avoid lactose-associated diar- 
rhea. 

Low osmolality (240 mOsm/kg water) to reduce the risk 

of osmotic diarrhea. 
Dual carbohydrates (com syrup and sucrose) designed to 
enhance carbohydrate absorption and reduce the risk of 
exceeding the absorptive capacity of the damaged gut. 
Meets or exceeds the vitamin and mineral levels recom- 
mended by the Committee on Nutrition of the Ameri- 
can Academy of Pediatrics and required by the Infant 
Formula Act. 

1.8 mg of iron (as ferrous sulfate) per 100 Calories to help 

prevent iron deficiency. 
Vegetable oils to provide recommended levels of essential 
fatty acids. 

Ingredients: (Parcve) 86% water, 4.8% com syrup, 2.5% 
20 sugar (sucrose), 2.1% soy oil, 2.0% soy protein isolate, 1.4% 
coconut oil, 0.77% soy fiber, 0.12% calcium citrate, 0.11% 
calcium phosphate tribasic, 0.10% potassium citrate, potas- 
sium chloride, potassium phosphate monobasic, mono and 
diglycerides, soy lecithin, carrageenan, magnesium chloride, 
ascorbic acid, L-methionine, potassium phosphate dibasic, 
sodium chloride, choline chloride, taurine, ferrous sulfate, 
m-inositol, alpha-tocopheryl acetate, zinc sulfate, 
L-camitine, niacinamide, calcium pantothenate, cupric 
sulfate, vitamin A palmitate, thiamine chloride 
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rhea. 

Low osmolality (240 mOs/kg water) to reduce risk of ^ hydrochloride, riboflavin, pyridoxinc hydrochloride, folic 
osmotic diarrhea. manganese sulfate, potassium iodide, phylloqumonc, 

biotin, sodium selenite, vitamin D3 and cyanocobalamin. 
C. Isomil® SF Sucrose-Free Soy Formula with Iron 
Usage: As a beverage for infants, children and adults with 
3^ an allergy or sensitivity to cow's-milk protein or an intol- 
erance to sucrose. A feeding for patients with disorders for 



Dual carbohydrates (corn syrup and sucrose) designed to 
enhance carbohydrate absorption and reduce the risk of 
exceeding the absorptive capacity of the damaged gut. 

1.8 mg of Iron (as ferrous sulfate) per 100 Calories to help 
prevent iron deficiency. 

Recommended levels of vitamins and minerals. 

Vegetable oils to provide recommended levels of essential 
fatty acids. 

Milk-white color, milk-like consistency and pleasant 
aroma. 

Ingredients: (Paieve) 85% water, 4.9% com syrup, 2.6% 
sugar (sucrose), 2.1% soy oO, 1.9% soy protein isolate, 1.4% 
coconut oil, 0.15% calcium citrate, 0.11% calcium phos- 
phate tribasic, potassium citrate, potassium phosphate 
monobasic, potassium chloride, mono- and disglycerides, 
soy lecithin, carrageenan, ascorbic acid, L-methionine, mag- 
nesium chloride, potassium phosphate dibasic, sodium 
chloride, choline chloride, taurine, ferrous sulfate, 
m-inositol, alpha-tocopheryl acetate, zinc sulfate, 
L-camitine, niacinamide, calcium pantothenate, cupric 
sulfate, vitamin A palmitate, thiamine chloride 
hydrochloride, riboflavin, pyridoxine hydrochloride, folic 
acid, manganese sulfate, potassium iodide, phylloquinone, 
biotin, sodiim3 selenite, vitamin D3 and cyanocobalamin. 
B. Isomil® DF Soy Formula for Diarrhea 

Usage: As a short-term feeding for the dietary manage- 
ment of dianbea in infants and loddlens. 
Features 

First infant formula to contain added dietary fiber from 
soy fiber specifically for diarrhea management. 

Ginically shown to reduce the duration of loose, watery 
stools during mild to severe diarrhea in infants. 

Nutritionally complete to meet the nutritional needs of the 
infant. 



which lactose and sucrose should be avoided. 
Features 

Soy protein isolate to avoid symptoms of cow's-milk- 

protein allergy or sensitivity. 
Lactose-free formulation to avoid lactose-associated diar- 
rhea (carbohydrate source is Polycose® Glucose 
Polymers). 

Sucrose free for the patient who cannot tolerate sucrose. 
Low osmolality (180 mOsm/kg water) to reduce risk of 

osmotic diarrhea. 
1.8 mg of iron (as ferrous sulfate) per 100 Calories to help 

prevent iron deficiency. 
Recommended levels of vitamins and minerals. 
Vegetable oils to provide recommended levels of essential 
fatty acids. 

Milk-white color, milk-like consistency and pleasant 
aroma. 

Ingredients: (Pareve) 75% water, 11.8% hydrolized 
cornstarch, 4.1% soy oil, 4.1% soy protein isolate, 2.8% 
coconut oil, 1.0% modified cornstarch, 0.38% calcium phos- 
phate tribasic, 0.17% potassium citrate, 0.13% potassium 
chloride, mono- and diglycerides, soy lecithin, magnesium 
chloride, abscorbic acid, L-methionine, caldum carbonate, 
soditmi chloride, choline chloride, carrageenan, taurine, 
ferrous sulfate, m-inositol, alpha-tocopheryl acetate, zinc 
sulfate, L-carnitine, niacinamide, calcium pantothenate, 
cupric sulfate, vitamin A palmitate, thiamine chloride 
65 hydrochloride, riboflavin, pyridoxine hydrochloride, folic 
acid, manganese sulfate, potassium iodide, phylloquinone, 
biotin, sodium selenite, vitamin D3 and cyanocobalamin. 
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D. Isomil® 20 Soy Formula with Iron Ready to Feed, 20 

Cal/fl oz. 

Usage: When a soy feeding is desired. 

Ingredients: (Pareve) 85% water, 4,9% com syrup, 2.6% 
sugar(sucrosc), 2.1% soy oil, 1.9% soy protein isolate, 1.4% 
coconut oil, 0.15% calcium citrate, 0.11% calcium phos- 
phate tribasic, potassium citrate, potassium phosphate 
monobasic, potassium chloride, mono- and diglycerides, soy 
lecithin, carrageenan, abscorbic acid, L-metbionine, magne- 
sium chloride, potassium phosphate dibasic, sodium 
chloride, choline chloride, taurine, ferrous sulfate, 
m-inositol, alpba-tocopberyl acetate, zioc sulfate, 
L-carnitioe, niacinamide, calcium pantothenate, cupric 
'Sulfate, vitamin A palmitate, thiamine chloride 
hydrochloride, ritwflayin, pyridoxine hydrochloride, folic 
acid, manganese sulfate, potassium iodide, pbylloquinone, 
bio tin, sodium selenite, vitamin D3 and cyanocobalamin. 

E. SimDadS) Infant Formula 

Usage: When an infant formula is needed: if the decision 
is made to discontinue breastfeeding before age 1 year, if a 
supplement to breastfeeding is needed or as a routine 
feeding if breastfeeding is not adopted. 
Features 

Protein of appropriate quality and quantity for good 
growth; heat-denatured, which reduces the risk of milk- 
associated enteric blood loss. 

Fat from a blend of vegetable oils (doubly homogenized), 
providing essential linoleic add that is easily absorbed. 

Carbohydrate as lactose in proportion similar to that of 
human milk. 

Low renal solute load to minimize stress on developing 
oigans. 

Powder, Concentrated Liquid and Ready To Feed forms. 

Ingredients: (-D) Water, nonfat milk, lactose, soy oil, 
coconut oil, mono- and diglycerides, soy lecithin, abscorbic 
acid, carrageenan, choline chloride, taurine, m-inositol, 
alpha-tocopheryl acetate, zinc sulfate, niacinamide, ferrous 
sulfate, calcium pantothenate, cupric sulfate, vitamin A 
palmitate, thiamine chloride hydrochloride, riboflavin, pyri- 
doxine hydrochloride, folic acid, manganese sulfate, 
pbylloquinone, biotin, sodium selenite, vitamin D3 and 
cyanocobalamin. 

F. Similac® NeoCare Premature Infant Formula with Iron 
Usage: For premature infants' special nutritional needs 

after hospital discharge. Similac NeoCare is a nutritionally 
complete formula developed to provide premature infants 
with extra calories, protein, vitamins and minerals needed to 
promote catch-up growth and support development. 
Features 

Reduces the need for caloric and vitamin supplementa- 
tion. More calories (22 Cal/fl oz) than standard term 
formulas (20 Cal/fl oz). 

Highly absorbed fat blend, with medium-chain triglycer- 
ides (MCToil) to help meet the special digestive needs 
of premature infants. 

Higher levels of protein, vitamins and minerals per 100 
calories to extend the nutritional support initiated 
in-hospital. 

More calcium and phosphorus for improved bone miner- 
alization. 

Ingredients: -D Corn syrup solids, nonfat milk, lactose, 
whey protein concentrate, soy oil, high-oleic safflower 
oil, fractionated coconut oil (medium chain 
triglycerides), coconut oil, potassium citrate, calcium 
phosphate tribasic, calcium carbonate, ascorbic acid. 
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magnesium chloride, potassium chloride, sodium 
chloride, taurine, ferrous sulfate, m-inositol, choline 
chloride, ascorbyl palmitate, L-carnitine, alpha- 
tocopheryl acetate, zinc sulfate, niacinamide, mixed 
tocopherols, sodium citrate, calcium pantothenate, 
cupric sulfate, thiamine chloride hydrochloride, vita- 
min A palmitate, beta carotene, riboflavin, pyridoxine 
hydrochloride, folic acid, manganese sulfate, 
pbylloquinone, biotin, sodium selenite, vitamin D3 and 
cyanocobalamin. 
G. Similac Natural Care Low-Iron Human Milk Fortifier 
Ready to Use, 24 Cal/fl oz. 

Usage: Designed to be mixed with human milk or to be 
fed alternatively with human milk to low-birtb-weigbt 
infants. 

Ingredients: -D Water, nonfat milk, hydrolyzed 
cornstarch, lactose, fractionated coconut oil (medium-chain 
triglycerides), whey protein concentrate, soy oil, coconut oil, 
calcium phosphate tribasic, potassium citrate, magnesium 
chloride, sodium citrate, ascorbic acid, calcium carbonate, 
mono and diglycerides, soy lecithin, carrageenan, choline 
chloride, m-inositol, taurine, niacinamide, L-camitine, alpha 
tocopheryl acetate, zinc sulfate, potassium chloride, calcium 
pantothenate, ferrous sulfate, cupric sulfate, riboflavin, vita- 
min A palmitate, thiamine chloride hydrochloride, pyridox- 
ine hydrochloride, biotin, folic acid, manganese sulfate, 
pbylloquinone, vitamin D3, sodium selenite and cyanoco- 
balamin." 

Various PUFAs of this invention can be substituted and/or 
added to the infant formulae described above and to other 
infant formulae known to those in the ait. 
11. Nutritional Formulations 

A. ENSURBS) 

Usage: ENSURE is a low-residue liquid food designed 
primarily as an oral nutritional supplement to be used with 
or between meals or, in appropriate amounts, as a meal 
replacement. ENSURE is lactose- and gluten-free, and is 
suitable for use in modified diets, including low-cbolesterol 
diets. Although it is primarily an oral supplement, it can be 
fed by tube. 
Patient Conditions 

For patients on modified diets 

For elderly patients at nutrition risk 

For patients with involuntary weight loss 

For patients recovering from illness or surgery 

For patients who need a low-residue diet 

Ingredients: -D Water, Sugar (Sucrose), Maltodextrin 
(Corn), Calcium and Sodium Caseinates, High-Oleic Saf- 
flower Oil, Soy Protein Isolate, Soy Oil, Canola Oil, Potas- 
sium Citrate, Calcium Phosphate Tribasic, Sodium Citrate, 
Magnesium Chloride, Magnesium Phosphate Dibasic, Arti- 
ficial Flavor, Sodium Chloride, Soy Lecithin, Choline 
Chloride, Ascorbic Acid, Carrageenan, Zinc Sulfate, Ferrous 
Sulfate, Alpha-Tocopheryl Acetate, Gellan Gum, 
Niacinamide, Calcium Pantothenate, Manganese Sulfate, 
Cupric Sulfate, Vitamin A Palmitate, Thiamine Chloride 
Hydrochloride, Pyridoxine Hydrochloride, Riboflavin, Folic 
Acid, Sodium Molybdate, Chromium Chloride, Biotin, 
Potassium Iodide, Sodium Selenate. 

B. Ensure® Bars 

Usage: ENSURE BARS are complete, balanced nutrition 
for supplemental use between or with meals. They provide 
a delicious, nutrient-rich alternative to other snacks. 
ENSURE BARS contain <1 g lactose/bar, and Chocolate 
Fudge Brownie flavor is gluten-free. (Honey Graham 
Crunch flavor contains gluten.) 
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Patient Conditions 
For patients who need extra calories, protein, vitamins 
and minerals. 

Especially useful for people who do not take in enough 
calories and nutrients. 

For people who have the ability to chew and swallow 

Not to be used by anyone with a peanut allergy or any type 
of allergy to nuts. 

Ingredients: Honey Graham Crunch — High-Fructose 
Com Syrup, Soy Protein Isolate, Brown Sugar, Honey, 
Maltodextrin (Corn), Crisp Rice (Milled Rice, Sugar 
[Sucrose], Salt [Sodium Chloride] and Mah), Oat Bran, 
Partially Hydrogenated Cottonseed and Soy Oils, Soy 
Polysaccharide, Glycerine, Whey Protein Concentrate, 
Polydextrose, Fructose, Calcium Caseinate, Cocoa Powder, 
Artificial Flavors, Canola Oil, High -Oleic Safflower Oil, 
Nonfat Dry Milk, Whey Powder, Soy Lecithin and Com Oil. 
Manufactured in a facility that processes nuts. 

\^tamins and Minerals: Calcium Phosphate Tribasic, 
Potassium Phosphate Dibasic, Magnesium Oxide, Salt 
(Sodium Chloride), Potassiimi Chloride, Ascorbic Acid, 
Ferric Orthophosphate, Alpha-Tocopheryl Acetate, 
Niacinamide, Zinc Oxide, Calcium Pantothenate, Copper 
Gluconate, Manganese Sulfate, Riboflavin, Beta Carotene, 
Pyridoxine. Hydrochloride, Thiamine Mononitrate, Folic 
Acid, Biotin, Chromium Chloride, Potassium Iodide, 
Sodium Selenate, Sodium Molybdate, Phylloquinone, Vita- 
min D3 and Cyanocobalamin. 

Protein: Honey Graham Crunch — ^The protein source is a 
blend of soy protein isolate and milk proteins. 
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Soy protein isolate 
Milk proteins 



74% 
26% 
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Fat: Honey Graham Crunch — The fat source is a blend of 
partially hydrogenated cottonseed and soybean, canola, high 
oleic safflower, oils, and soy ledthin. 



or between meals or, in appropriate amounts, as a meal 
replacement. ENSURE HIGH PROTEIN is lactose- and 
gluten-free, and is suitable for use by people recovering 
from general surgery or hip fractures and by patients at risk 
for pressure ulcers. 
Patient Conditions 

For patients who require additional calories, protein, 
vitamins, and minerals, such as patients recovering 
from general surgery or hip fractures, patients at risk 
for pressure ulcers, and patients on low-cholesterol 
diets 
Features 
Low in saturated fat 

Contains 6 g of total fat and <S mg of cholesterol per 

serving 
Rich, creamy taste 

Excellent source of protein, calcium, and other essential 

vitamins and minerals 
For low-cholesterol diets 
Lactose-fiee, easily digested 
Ingredients 

Vanilla Supreme: -D Water, Sugar (Sucrose), Maltodex- 
trin (Com), Calcium and Sodium Caseinates, High-OIeic 
Safflower Oil, Soy Protein Isolate, Soy Oil, Canola Oil, 
Potassium Citrate, Calcium Phosphate Tribasic, Sodium 
Citrate, Magnesium Chloride, Magnesium Phosphate 
Dibasic, Artificial Flavor, Sodium Chloride, Soy Lecithin, 
Choline Chloride, Ascorbic Acid, Carrageenan, Zinc 
Sulfate, Ferrous Sufifate, Alpha-Tocopheryl Acetate, Gellan 
Gum, Niacinamide, Calcium Pantothenate, Manganese 
Sulfate, Cupric Sulfate, \^tamin A Palmitate, Thiamine 
Chloride Hydrochloride, Pyridoxine Hydrochloride, 
Riboflavin, Folic Acid, Sodium Molybdate, Chromium 
Chloride, Biotin, Potassium Iodide, Sodium Selenate, 
Phylloquinone, Vitamin D3 and Cyanocobalamin. 
Protein 

The protein soiuce is a blend of two high-biologic-value 
proteins: casein and soy. 
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Partially hydrogenated cottonseed and soybean oil 
Caoola oil 

High-olcic safflower ofl 
Com o3 
Soy lecithin 



76% 
8% 



4% 
4% 



Carbohydrate: Honey Graham Crunch — The carbohy- 
drate source is a combination of high-fiructose corn syrup, 
brown sugar, maltodextrin, honey, crisp rice, glycerine, soy 
polysaccharide, and oat bran. 



Sodium and calcium caseinates 
Soy protein isolate 



85% 
15« 
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Fat 

The fat source is a blend of three oils: high-oleic 
safflower, canola, and soy. 



50 



Higb-oleic safflower oil 
Canola oO 
Soy oil 



40% 
30% 
30% 



55 The level of fat in ENSURE HIGH PROTEIN meets 
American Heart Association (AHA) guidelines. The 6 grams 
of fat in ENSURE HIGH PROTEIN represent 24% of the 
total calories, with 2.6% of the fat being from saturated fatty 
acids and 7.9% from polyunsaturated fatty acids. These 
60 values are within the AHA guidelines of <30% of total 
calories from fat, <10 of the calories from saturated fatty 
adds, and <10% of total calories from polyunsaturated fatty 
C. Ensure® High Protein acids. 

Usage: ENSURE HIGH PROTEIN is a concentrated. Carbohydrate 
high-protein liquid food designed for people who require 65 ENSURE HIGH PROTEIN contains a combination of 
additional calories, protein, vitamins, and minerals in their maltodextrin and sucrose. The mild sweetness and flavor 
diets. It can be used as an oral nutritional supplement with variety (vanilla supreme, chocolate royal, wild berry, and 



High-fruaose com synip 24% 

Brown sugar 21% 

Maltodextrin 12% 

Honey 11% 

Crisp rioe 9% 

Glycerine 9% 

Soy Polysaccharide 7% 

Oat bran 7% 
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banana), plus VARI-FLAVORS® Flavor Pacs in pecan. Fat 

cherry, strawberry, lemon, and orange, help to prevent flavor The fat source is a blend of two oils: hig)i-oleic saffiower 

fatigue and aid in patient compliance. and canola. 
Vanilla and Other Nonchocolate Flavors 



Suaose 


60% 


Maluxlextrin 


40% 


Chocolate 


Sucrose 


70% 


Maltode^orin 


30% 



Higb-oleic safBower oO 70% 
Oanola oil 30% 
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The level of fat in ENSURE LIGHT meets American 
Heart Association (AHA) guidelines. The 3 grams of fat in 
ENSURE LIGHT represent 13.5% of the total calories, with 
1.4% of the fat being from saturated fatty adds and 2.6% 
from polyunsatiuated fatty acids. These values are within the 
15 AHA guidelines of <30% of total calories from fat, <10% of 
the, calories from saturated fatty acids, and <10% of total 
calories from polyunsaturated fatty acids. 
Carbohydrate 



D. Ensure® Light ENSURE LIGHT contains a combination of maltodextrin 

Usage: ENSURE LIGHTis a low-fat liquid food designed 20 sucrose. The chocolate flavor contains com syrup as 

for use as an oral outriiional supplement with or between w^^- sweetness and flavor variety (French vanilla, 

meals. ENSURE UGHT is lactose- and gluien-free, and is ^ °^?3fili''P'^°**' ^'^'T^^^y ^"^''^^^ P^"* ^Z^^'- 

suitable for use in modified diets, including low^holesterol fLAVORS® Flavor Pacs m pecan, cheixy. slrawbeny, 

& lemon, and orange, help to prevent flavor fatigue and aid in 

' 25 patient compliance. 

Patient Conditions Vanilla and Other Nonchocolate Flavors 

For normal-weight or overweight patients who need extra 
nutrition in a supplement that contains 50% less fat and 
20% fewer calories than ENSURE. 
For healthy adults who don't eat right and need extra 
nutrition. 
Features 

1 fni anH catiirat«>/4 fat 

35 
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Sucrose 


51% 


MaJtodcztrio 


49% 


Chocolate 


Sucrose 


AIM 


Cora Syrup 


26.5% 


Maltodextrin 


263% 



Low in fat and saturated fat 

Contains 3 g of total fat per serving and <5 mg cholesterol 
Rich, creamy taste 

Excellent source of calcium and other essential vitamins 
and minerals 

^ Vitamins and Minerals 

For low-cholesterol diets ^ g.g^^ serving of ENSURE UGHT provides at least 

Lactose-free, easily digested 25% of the RDIs for 24 key vitamins and minerals. 

Ingredients Caffeine 
c u \r 11 xir * \m u ^ . - /r^ \ c Chocolate flavor contains 2.1 mg caffeine/8 fl oz. 

French Vanilla: -D Water, Maltodextrin (Cora), Sugar 45 £ Ensure Plus® 

(Sucrose), Calcium Caseinate, High-Oleic SafQower Oil, Usage: ENSURE PLUS is a high-calorie, low-residue 
Canola Oil, Magnesium Chloride, Sodium Citrate, Potas- liquid food for use when extra calories and nutrients, but a 
sium Citrate, Potassium Phosphate Dibasic, Magnesium normal concentration of protein, are needed. It is designed 
Phosphate Dibasic, Natural and Artificial Flavor, Calcium primarily as an oral nutritional supplement to be used with 
Phosphate Tribasic, Cellulose Gel, Choline Chloride, Soy or between meals or, in appropriate amounts, as a meal 
Lecithin, Carrageenan, Salt (Sodium Chloride), Ascorbic replacement. ENSURE PLUS is lactose- and gluten-free. 
Acid, Cellulose Gum, Ferrous Sulfate, Alpha-Tocopheryl Although it is primarily an oral nmritional supplement, it can 
Acetate, Zinc Sulfate, Niacinamide, Manganese Sulfate, be fed by tube. 
Calcium Pantothenate, Cupric Sulfate, Thiamine Chloride Patient Conditions 

Hydrochloride, Vitamin A Palmitate, Pyridoxine For patients who require extra calories and nutrients, but 
Hydrochloride, Riboflavin, Chromium Chloride, Folic Acid, a nonnal concenU^ation of protein, in a limited volume 

Sodium Molybdate, Bio tin, Potassium Iodide, Sodium For patients who need to gain or maintain healthy weight 
Selenate, Phylloquinone, \^tamin D3 and Cyanocobalamin. Features 
Protein ^ Rich, CTeamy taste 

The protein source is calcium caseinate. Good source of essential vitamins and minerals 

Ingredients 

Vanilla: -D Water, Com Syrup, Maltodextrin (Com), Com 
~— " Oil, Sodiimi and Calcium Caseinales, Sugar (Sucrose), Soy 

65 Protein Isolate, Magnesium Chloride, Potassium Citrate, 

Calcium Phosphate Tribasic, Soy Lecithin, Natural and 
Artificial Flavor, Sodium Citrate, Potassium Chloride, Cbo- 



Sodium and caldum caseinates 


84% 


Soy protein isolate 


16% 


Fat 




Hie fat source is corn oil. 




Corn oO 


ioo% 
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line Chloride, Ascoibic Acid» C^rrageenan, Zinc Sulfate, 15 CaVmL, 
Ferrous Sulfate, Alpha-Tocopheryl Aoeute, Niacioamide, j^j^ nitrocen 
Calcium Pantothenate, Manganese Sulfate, Cupric Sulfate, 
Thiamine Chloride Hydrochloride, Pyridoxine CaloricaUy dense 
Hydrochloride, Riboflavin, Vitamin A Palmitate, Folic Acid, s Ingredients 

Bfotm,ChromiuiBOTorid^^^^^ Mallodextrin (Cora). Sodium and 

Iodide, Sodium Selemte, Phylloqumone, Cyanocobalamm ^ , , ^ . ' ^ ,\ v « 

and Vitamin D3. Calcium Caseinates, Com Oil, Sugar (Sucrose), Soy Protem 

Protein Isolate, Magnesium Chloride, Potassium Citrate, Calcium 

The protein source is a blend of two higb-biologic>value Phosphate Tribasic, Soy Ledthin, Natural and Artificial 
proteins: casein and soy. Flavor, Sodium Citrate, Choline Chloride, Ascorbic Acid, 

Taurine, L-Carnitine, Zinc Sulfate, Ferrous Sulfate, Alpha- 
Tocopheryl Acetate, Niacinamide, Carrageenan, Calcium 
Pantothenate, Manganese Sulfate, Cupric Sulfate, Thiamine 
15 Chloride Hydrochloride, Pyridoxine Hydrochloride, 
Riboflavin, Mtamin A Pahnitate, Fob'c Acid, Biotin, Chro- 
mium Chloride, Sodium Molybdate, Potassium Iodide, 
Sodium Selenite, Phylloquinone, Cyanocobalamin and \^ta- 
min D3. 

20 

G. Ensure® Powder 

Usage: ENSURE POWDER (reconstituted with water) is 
a low-residue liquid food designed primarily as an oral 
Carbohydrate nutritional supplement to be used with or between meals. 

ENSURE PLUS contains a combination of maltodextrin ENSURE POWDER is lactose- and glutcn-frec, and is 
and sucrose. The mild sweetness and flavor variety (vaniUa, suitable for use in modified diets, inchiding low-cholesterol 
chocolate, strawberry, coffee, buffer pecan, and eggnog), diets, 
plus VARI^FLAVORS®" Flavor Pacs in pecan,' cherry, - Patient Conditions ~ 
strawberry, lemon, and orange, help to prevent flavor fatigue 

and aid in patient compliance. ^ patients on modified diets 

Vanilla, Strawberry, Butter Pecan, and Coffee Flavors For elderly patients at nutrition risk 

For patients recovering from illness/suigery 
For patients who need a low-residue diet 
Features 
Convenient, easy to mix 
Low in saturated fat 

Contains 9 g of total fat and <5 mg of cholesterol per 
serving 

High in vitamins and minerals 
For low-cholesterol diets 
Lactose -free, easily digested 
45 Ingredients: -D Corn Syrup, Maltodextrin (Com), Sugar 
Vitamins and Minerals (Sucrose), Com Oil. Sodium and Calcium Caseinates, Soy 

An 8-fl-oz serving of ENSURE PLUS provides at least ^^^^^^^ Artificial Flavor, Potassium Citrate, Magne- 

15% of the RDIs for 25 key Vitamins and minerals. ^^^^ Chloride, Sodium Citrate, Calcium Phosphate Tribasic, 

Caffeine Potassium Chloride, Soy Lecithin, Ascoibic Acid, Choline 

Chocolate flavor contains 3.1 mg Caffeine/8 fl oz. Cbffec Chloride, Zinc Sulfate, Ferrous Sulfate, Alpha-Tocopheryl 
flavor contains a trace amount of caffeine. Acetate, Niacinamide, Calcium Pantothenate, Manganese 

F. Ensure Plus® HN Sulfate, Thiamine Chloride Hydrochloride, Cupric Sulfate, 

Usage: ENSURE PLUS HN is a nutritionally complete Pyridoxine Hydrochloride, Riboflavin, Vitamin A Palmitate, 
high-calorie, high-nitrogen liquid food designed for people Folic Acid, Biotin, Sodium Molybdate, Chromium Chloride, 
with higher calorie and protein needs or limited volume Potassium Iodide, Sodium Selenate, Phylloquinone, Vitamin 
tolerance. It may be used for oral supplementation or for D3 and Cyanocobalamin. 
total nutritional support by tube. ENSURE PLUS HN is Protein 

lactose- and gluten-free. ^ ...,^1. 

Patient Conditions protem source is a blend of two high-biologic-value 

For patients with increased calorie and protein needs, proteins, casein and soy. 

such as following surgery or injury. 
For patients with limited volume tolerance and early ' 

satiety. Sodium and caldum caseinates 84% 

Features ^ Soy protein isolate 16% 

For supplemental or total nutrition — — — — — — 

For oral or tube feeding 



Com Synip 


39% . 


Maltodextrin 


38% 


Sucrose 


23% 


Chocolate and Eggnog Flavors 


Com Syrup 


36% 


MaUodextfin 


34% 


Suaoae 


30% 



40 
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Fat variety (vanilla, chocolate, butterscotch, and tapioca) help 

The fat source is com oiL prevent flavor fatigue. The product contains 9.2 grams of 

lactose per serving. 

— ^— ^— — — 5 Vanilla and Other Nonchocolatc Flavors 

Com oiJ 100% 



Carbohydrate 

ENSURE POWDER contains a combination of com 
syrup, maltodextrin, and sucrose. The mild sweetness of 
ENSURE POWDER, plus VARl-FLAVORS® Flavor Pacs 
in pecan, cherry, strawberry, lemon, and orange, helps to 
prevent flavor fatigue and aid in patient compliance. 
Vanilla 



10 



15 



Sucrose 


56% 


Lactose 


27% 


Modiiied food starch 


17% 


Chocolate 


Sucrose 


58% 


Uctose 


26% 


Modified food starch 


16% 



Patient Conditions 



Com Synip 35% 
Maltodextrin 35% 
Sucrose 30% 

H. Ensure® Pudding J- Ensure® with Fiber 

Usage: ENSURE PUDDING is a nutrient-dense supple- Usage: ENSURE WITH FIBER is a fiber-containing, 
ment providing balanced nutrition in a nonliquid form to be nutritionally complete liquid food designed for people who 
used with or between meals. It is appropriate for can benefit from increased dietary fiber and nutrients, 
consistency-modified diets (e.g., soft, P"«*^d, or fiili^^^^^^ 25 ENSURE WITH FIBER is suitable for people who do not 
or for people with swallowmg mipairmenls. ENSURE PUD- , , « l 

DING is gluten-free. rcqmre a low-residue diet. It can be fed orally or by tube, and 

Patient Conditions be used as a nutritional supplement to a regular diet or. 

For patients on consistency-modified diets (e.g., soft, ^ appropriate amounts, as a meal replacement. ENSURE 
pureed, or full b'quid) 30 WITH FIBER is lactose- and gluten-free, and is suitable for 

For patients with swallowing impairments use in modified diets, including low-cholesterol diets. 

Features 

Rich and creamy, good taste 

Good source of essential vitamins and minerals For patients who can benefit from increased dietary fiber 

Convenient — needs no refrigeration 35 and nutrients 

Gluten-free 

Nutrient Profile per 5 oz: Calories 250, Protein 10.9%, Features 
Sredkli^ Carbohydrate 54.2%. zdv^nc^ formula-low in saturated fat, higher in 

Vanflla: -D Nonfat Milk, Water, Sugar (Sucrose), Partially 40 "^^^^^ minerals 
Hydrogenated Soybean Oil, Modified Food Starch, Magnc- Cbntains 6 g of total fat and <5 mg of cholesterol per 
sium Sulfate, Sodium Stearoyl Lactylate, Sodium Phosphate serving 
Dibasic, Artificial Flavor, Ascorbic Acid, Zinc Sulfate, Fcr- Rich, creamy taste 
rous Sulfate, Alpha -Tocopheryl Acetate, Choline Chloride, n a 
Niacinamide, Manganese Sulfate, Calcium Pantothenate, 45 ^^^^^ °* 

FD&C Yellow #5, Potassium Citrate, Cupric Sulfate, Vita- Excellent source of essential vitamins and minerals 
min A Palmitate, Thiamine Chloride Hydrochloride, Pyri- p^j. iow<holesterol diets 
doxine Hydrochloride, Riboflavin, FD&C Yellow #6, Folic 

Acid, Biotin, PhyUoquinone, \^tamin D3 and Cyanocobal- Lactose- and gluten-frce 

amin. 50 Ingredients 

Protein 

The protein source is nonfat milk. Vanilla: -D Water; Maltodextrin (Com), Sugar (Sucrose), 

Sodium and Calcium Caseinates, Oat Fiber, High-Oleic 
SafiQower Oil, Canola Oil, Soy Protein Isolate, Com Oil, Soy 
— — 55 Fiber, Calcium Phosphate Tribasic, Magnesiimi Chloride, 

Potassium Gtrate, Cellulose Gel, Soy Lecithin, Potassium 

Phosphate Dibasic, Sodium Citrate, Natural and Artificial 
Flavors, Choline Chloride, Magnesium Phosphate, Ascorbic 
The fat source is hydrogenated soybean oil. ^^^j^ Cellulose Gum, Potassium Chloride, Carrageenan, 

^ Ferrous Sulfate, Alpha-Tocopheryl Acetate, Zinc Sulfate, 
Niacinamide, Manganese Sulfate, Calcium Pantothenate, 
Hydiogeoated soybean on 100% Cupric Sulfate, Vitamin A Palmitate, Thiamine Chloride 

Hydrochloride, Pyridoxine Hydrochloride, Riboflavin, Folic 



Nonfat milk 100% 



Carbohydrate 65 Acid, Chromium Chloride, Biotin, Sodium Molybdate, 

ENSURE PUDDING contains a combination of sucrose Potassium Iodide, Sodium Selenate, PhyUoquinone, V^taaun 
and modified food starch. The mild sweetness and flavor D3 and Cyanocobalamin. 
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Sodium and caldum casetnates 
Soy protein isolate 



80% 
20% 



Fat 

The fat source is a blend of three oils: high-oleic 
saffiower, canola, and com. 



High-oleic safiQower oil 
C&nola oil 
Com oO 



40% 
40% 
20% 



The level of fat in ENSURE WITH HBER meets Ameri- 
can Heart Association (AHA) guidelines. The 6 grams of fat 
in ENSURE WITH FIBER represent 22% of the total 
calories, with 2.01% of the fat being from saturated fatty 
acids and 6.7% from polyunsaturated fatty acids. These 
values are within the AHA guidelines of 130% of total 
calories from fat, <10% of the calories from saturated fatty 
adds, and ^ 10% of total calories from polyunsaturated fatty 
acids. 

Caibohydrate 

ENSURE WITH FIBER contains a combination of mal- 
todextrin and sucrose. The mild sweetness and flavor variety 
(vanilla, chocolate, and butter pecan), plus VARI- 
FLAVORS® Flavor Pacs in pecan, cherry, strawberry, 
lemon, and orange, help to prevent flavor fatigue and aid in 
patient compliance. 

Vanilla and Other Nonchocolate Flavors 



Maltodeztris 


66% 


Sucrose 


25% 


Oat Fiber 


7% 


Soy Fiber 


2% 


Qiocolate 


Maltodextrin 


55% 


Sucrose 


36% 


Oat Fiber 


7% 


Soy Fiber 


2% 



Fiber 

The fiber blend used in ENSURE WITH FIBER consists 
of oat fiber and soy polysaccharide. This blend results in 
approximately 4 grams of total dietary fiber per 8>fl. oz can. 
The ratio of insoluble to soluble fiber is 95:5. 

The various nutritional supplements described above and 
known to others of skill in the art can be substituted and/or 
supplemented with the PUFAs produced in accordance with 
the present invention. 
J. Oxepa™ Nutritional Product 

Oxepa is a low-caibohydrate, calorically dense, enteral 
nutritional product designed for the dietary management of 
patients with or at risk for ARDS. It has a unique combi- 
nation of ingredients, including a patented oil blend con- 
taining eicosapentaenoic acid (EPA from fish oil), 
Y-linolenic acid (GLA from borage oil), and elevated anti- 
oxidant levels. 
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Protein 

The protein source is a blend of two high-biologic-value 
proteins-casein and soy. 



Caloric Distribution 

Caloric density is high at 1.5 Cal/mL(355 Cal/S fl oz), to 
minimize the volume required to meet energy needs. The 
distribution of Calories in Oxepa is ^own in Table IV. 

TABLE IV 



10 



15 





Caloric Distribution of Oxcoh 






per 8 fl oz. 


per liter 


%ofCaI 


Calories 


355 


1,500 




Fal(g) 


22.2 


93.7 


55.2 


Carbohydrate (g) 


25 


lOSJ 


2ai 


Protein (g) 


14.8 


62.5 


16.7 


W&ter (g) 


186 


785 





20 



25 



30 



Fat 

Oxepa contains 22.2 g of fat per 8-fl oz serving (93.7 g/L). 

The fat source is an oil blend of 31.8% canola oil, 25% 
medium-chain triglycerides (MCTs), 20% borage oil, 
20% fish oil, and 3.2% soy lecithin. The typical fatty 
acid profile of Oxepa is shown in Table V. 

Oxepa provides a balanced amount of polyunsaturated, 
monounsaturated, and saturated fatty acids, as shown in 
Table VI. 

Medium-chain trigylcerides (MCTS) — 25% of the fat 
blend — aid gastric emptying because they are absoibed 
by the intestinal tract without emulsification by bile 
acids. 

The various fatty acid components of Oxepa™ nutritional 
product can be substituted and/or supplemented with the 
PUFAs produced in accordance with this invention. 
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TABLE V 










TVpicpl Fatty Acid Prfffil 










% Total 










Fatty 






40 




Adds g/8 fl oz* 


9/L* 




O^roic (6K)) 


0.2 


0.04 


0.18 




CaptyUc (8:0) 


14.69 


3.1 


13.07 




Capric (10:0) 


11.06 


233 


9.87 




Palmitic (16:0) 


SS9 


1.18 


4.98 




Palmitoleic 


1.82 


038 


1.62 


45 


Stearic 


1.94 


039 


1.64 




Oleic 


24.44 


5.16 


21.75 




Unoleic 


16.28 


3.44 


14.49 




a-Linoleoic 


3.47 


0.73 


3.09 




Y>LiiK>leaic 


4.82 


1.02 


4.29 




Eicosapentaenoic 


5.11 


1X18 


435 


50 


o-3-Docosapent- 


0.55 


0.12 


0.49 




aenoic 










Docosahenenoic 


2.27 


0.48 


2.02 




Othen 


7.55 


1.52 


6.72 


55 


Fatty acids equal approximately 95% of total fat. 






TABLE VI 






Fat Profile of Oxepa. 


60 


% of total calories from £at 


55.2 




Polyunsaturated fatty acids 


31.44 g/L 






Mooounsatuiated &tty adds 


2533 g/L 






SalniBted fifttty a 


dds 


3238 g/L 






n-6 to n-3 ntio 




1.75:1 






Cbolesterd 




9.49 mg/8 


floz 


65 






4ai mg/L 
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Carbohydrate 

The carbohydrate content is 25,0 g per 8-fl-oz serving 
(105.5 g/L). 

The carbohydrate sources are 45% maltodextrin (a com- 
plex carbohydrate) and 55% sucrose (a simple sugar), 
both of which are readily digested and absorbed. 

The high-fat and low-carbohydrate content of Oxepa is 
designed to minimize carbon dioxide (C02) produc- 
tion. High C02 levels can complicate weaning in 
ventilator-dependent patients. The low level of carbo- 
hydrate also may be useful for those patients who have 
developed stress-induced hyperglycemia. 

Oxepa is lactose-free. 

Dietary carbohydrate, the amino acids from protein, and ^5 
the glycerol moiety of fats can be converted to glucose 
within the body. Throughout this process, the carbohydrate 
requirements of glucose-dependent tissues (such as the 
central nervous system and r^d blood cells) are met. 
However, a diet free of carbohydrates can lead to ketosis, 
excessive catabolism of tissue protein, and loss of fluid and 
electrolytes. These effects can be prevented by daily inges- 
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tion of 50 to 100 g of digestible carbohydrate, if caloric 
intake is adequate. The carbohydrate level in Oxepa is also 
sufficient to minimize glucoDeogenesis, if energy needs are 
being met. 
Protein 

Oxepa contains 14.8 g of protein per 8-fl-oz serving (623 
g/L). 

The total calorie/nitrogen ratio (150:1) meets the need of 
stressed patients. 

Oxepa provides enough protein to promote anaboHsm aixl 
the maintenance of lean body mass without precipitat- 
ing respiratory problems. High protein intakes are a 
concern in patients with respiratory insufficiency. 
Although protein has little effect on C02 production, a 
high protein diet will increase ventilatory drive. 

The protein sources of Oxepa are S6M% sodium caseinate 
and 13.2% calcium caseinate. 

The amino add profile of the protein system in Oxepa 
meets or surpasses the standard for high quality protein 
set by the National Academy of Sciences. 

Oxepa is gluten-free. 



SEQUENCE LISTING 



<160> NUMBER O? SEQ ID NOSt 60 

<210> SEQ ID NO 1 

<211> LENGTH: 1335 

<212> TYPES DNA 

<213> ORGANISMS Homo eapiens 

<400> SEQUENCE I 1 

otggcccccg acccggtggc cgccgagacc gcggctcagg gacctacccc gcgctacttc 
acctgggacg aggtggccca gcgctcaggg tgcgaggagc ggtggctagt gatcgaccgt 
aaggtgtaca acatcagcga gttcacccgc cggcatccag ggggctcccg ggtcatcagc 
cactacgccg ggcaggatgc cacggatccc tttgtggcct tccacatcaa caagggcctt 
gtgaagaagt atatgaactc tctcctga-tt ggagaactgt ctccagagca gcccagcttt 
gagcccacca agaataaaga gctgacagat gagttccggg agctgcgggc cacagtggag 
cggatggggc tcatgaaggc caaccatgtc ttcttcctgc tgtacctgct gcacatcttg 
ctgctggatg gtgcagcctg gctcaccctt tgggtctttg ggacgtcctt tttgccctte 
ctcctctgtg cggtgctgct cagtgcagtt caggcccagg ctggctggct gcagcatgac 
tttgggcacc tgtcggtctt cagcacctca aagtggaacc atctgctaca tcattttgtg 
attggccacc tgaagggggc ccccgccagt tggtggaacc acatgcactt ccagcaccat 
gccaagccca actgcttccg caaagaccca gacatcaaca tgcatcectt cttctttgce 
ttggggaaga tcctctctgt ggagcttggg aaacagaaga aaaaata-tat gccgtacaac 
caccagcaca aatacttctt cctaattggg cccccagcct tgctgcctct ctacttccag 
tggtatattt tctattttgt tatccagcga aagaagtggg tggacttggc ctggatgatt 
accttctacg tccgcttctt cctcacttat gtgccactat tggggctgaa agccttcctg 
ggccttttct tcatagtcag gttcctggaa agcaactggt ttgtgtgggt gacacagatg 
aaccatattc ccatgcacat tgatcatgac cggaacatgg actgggtttc cacccagctc 
ctggccacat gcaatgtcca caagtctgcc ttcaatgact ggttcagtgg acacctcaac 
ttccagattg agcaccatct ttttcccacg atgcctcgac acaattacea caaagtggct 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
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-continued 



cccctggtgc agtccttgtg tgccaagcgt ggcatagagt accagtccaa gcccctgc^g 1260 
tcagccttcg ccgacatcat ccactcacta aaggegtcag ggcagctctg gctagatgcc 1320 



<210> SEQ ID NO 2 

<211> LENGTH 1 1219 . 

<212> TYPES DMA 

<213> ORGANISMS Homo sapiens 

<400> SEQUENCES 2 

gcacgccgac cggcgccggg agatcctggc aaagtatcca gagataaagt ccttgatgaa 60 

acctgatccc aatttgatat ggattataat tatgatggtt ctcacccagt tgggtgcatt 120 

ttacatagta aaagacttgg actggaaatg ggtcatattt ggggcctatg cgtttggcag 180 

ttgcattaac cactcaatga ctctggctat tcatgagatt gcccacaatg ctgcctttgg 240 

caactgcaaa gcaatgtgga atcgctggtt tggaatgttt gctaatcttc ctattgggat 300 

tccatattca atttccttta agaggtatca catggatcat catcggtacc ttggagctga 360 

tggcgtcgat gtagatattc ctaccgattt tgagggctgg ttcttctgta ccgctttcag 420 

aaagtttata tgggttattc ttcagcctct cttttatgcc tttcgacctc tgttcatcaa 480 

ccccaaacca attacgtatc tggaagttat caataccgtg gcacaggtca cttttgacat 540 

tttaatttat tactttttgg gaattaaatc cttagtctac atgttggcag catctttact 600 

tggcctgggt ttgcacccaa tttctggaca ttttatagct gagcattaca tgttcttaaa 660 

gggtcatgaa acttactcat attatgggcc tctgaattta cttaccttca atgtgggtta 720 

tcataatgaa catcatgatt tccccaacat tcctggaaaa agtcttccac tggtgaggaa 780 

aatagcagct gaatactatg acaacctccc tcactacaat tcctggataa aagtactgta 840 

tgattttgtg atggatgata caataagtcc ctactcaaga atgaagaggc aceaaaaagg 900 

agagatggtg ctggagtaaa tatcattagt gccaaaggga ttcttctcca aaactttaga 960 

tgataaaatg gaatttttgc attattaaac ttgagaccag tgatgctcag aagctcccct 1020 

ggcacaattt cagagtaaga gctcggtgat accaagaagt gaatctggct tttaaacagt 1080 

cagcctgact ctgtactgct cagtttcact cacaggaaac ttgtgacttg tgtattatcg 1140 

tcattgagga tgtttcactc atgtctgtca ttttataagc atatcattta aaaagcttct 1200 

aaaaagctat ttcgccagg 1219 

<210> SEQ ID NO 3 

<211> LENGTH: 655 

<212> TYPE: DNA 

<213> ORGANISMS Homo sapiens 

<400> SEQUENCES 3 

ttaccttcta cgtccgcttc ttcctcactt atgtgccoct attggggctg aaagcttcct 60 

gggccttttc ttcatagtca ggttcctgga aagcaaetgg tttgtgtggg tgacacagat 120 

gaaccatatt cccatgcaca ttgatcatga ccggaacatg gactgggttt ccacccagct 180 

ccaggccaca tgcaatgtcc acaagtctge cttcaatgac tggttcagtg gacaccteaa 240 

cttccagatt gagcaccatc tttttcccac gatgcctcga cacaattacc acaaagtggc 300 

tcccctggtg cagtccttgt gtgccaagca tggcatagag taccagtcca agcccetgct 360 

gtcagccttc gccgacatca tccactcact aaaggagtca gggcagctct ggctagatgc 420 



tatcttcacc aataa 



1335 
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-continued 



ctatcttcac caataacaac agccaccctg cccagtctgg aagaagagga ggaagactct 480 
ggagccaagg cagaggggag cttgagggac aatgccacta tagtttaata ctcagagggg 540 
gttgggtttg gggacataaa gcctctgact caaactcctc ccttttatct tctagccaca 600 



<210> SSg ID NO 4 

<211> LENGTH I 304 

<212> TYPEt OHA 

<213> ORGANISM I Hoao sapiens 

<400> SEQUENCE t 4 

gtcttttact ttggcaatgg ctggattcct accctcatca cggcctttgt ccttgctacc 60 

tctcoggccc aogctggatg gctgcaacat gattatggcc acctgtctgt ctacagaaaa 120 

cccaagtgga accaccttgt ccacaaattc gtcattggcc acttaaaggg tgcctctgcc 180 

aactggtgga atcatcgcca cttccagcac cacgccaagc ctaacatctt ccacaaggat 240 

cccgatgtga acatgctgca cgtgtttgtt ctgggcgaat ggcagcccat cgagtacggc 300 

aaga 304 

<210> SEQ ID NO 5 

<211> LENGTH: 916 

~ <212>-TyPE: DNA - - - - - 

<213> ORGANISM: Homo sapiens 
<220> FEATURE: 

<221> NAH£/KEy: mi8c_£eature 
<222> LOCATIONS <755 ) . . . ( 755 ) 

<223> OTHER INFORMATIONS r - g or a at position 755 
<400> SEQUENCES 5 

cagggaccta ccccgcgcta cttcacctgg gacgaggtgg cccagcgctc agggtgcgag 60 
gagcggtgge tagtgatcga ccgtaaggtg tacaacatca gcgagttcac ccgccggeat 120 
ccagggggct cccgggtcat cagccactac gccgggcagg atgccacgga tccctttgtg 180 
gccttccaca tcaacaaggg ccttgtgaag aagtatatga actctctcct gattggagaa 240 
ctgtctccag agcagcccag ctttgagcce accaagaata aagagctgac agatgagttc 300 
cgggagctgc gggccacagt ggagcggatg gggctcatga aggccaacca tgtcttcttc 360 
ctgctgtacc tgctgcacat cttgctgctg gatggtgcag cctggctcac cctttgggtc 420 
tttgggacgt cctttttgcc cttcctcctc tgtgcggtgc tgctcagtgc agttcaggee 480 
caggctggct ggctgcagca tgactttggg cacctgtcgg tcttcagcac ctcaaagtgg 540 
aaccatctgc tacatcattt tgtgattggc cacctgaagg gggcccccgc cagttggtgg 600 
aaccacatgc acttccagca ccatgccaag cccaactgct tccgcaaaga cccagacate 660 
aacatgcatc ccttcttctt tgccttgggg aagatcctct ctgtggagct tgggaaacag 720 
aagaaaaaat atatgccgta caaccaccag cacaratact tcttcctaat tgggccccca 780 
gccttgctge ctctctactt ccagtggtat attttctatt ttgttatcca gcgaaagaag 840 
tgggtggact tggcctggat cagcaaacag gaatacgatg aagccgggct tccattgtec 900 
accgcaaatg cttctaaa 918 

<210> SEQ ID NO 6 

<211> LENGTHS 1686 

<212> TYPES DNA 

<213> ORGANISMS Homo sapiens 



gttctaagac ccaaagtggg gggtggacae agaagtccct aggagggaag gagct 



655 



<400> SEQUENCES 6 
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gccacttaaa gggtgcctct gccaactggt ggaatcatcg ccacttccag caccacgcca 60 

agcctaacat cttccacaag gatcccgatg tgaacatgct gcacgtgttt gttctgggcg 120 

aatggcagcc catcgagtac ggcaagaaga agctgaaata cctgccctac aatcaccagc 180 

acgaatactt cttcctgatt gggccgccgc tgctcatccc catgtatttc cagtaccaga 240 

tcatcatgac catgatcgtc cataagaact gggtggacct ggcctgggcc gtcagctact 300 

acatccggtt cttcatcacc tacatccctt tctacggcat cctgggagcc ctccttttcc 360 

tcaocttcat caggttcctg gagagccact ggtttgtgtg ggtcacacag atgaatcaca 420 

tcgtcatgga gattgaccag gaggcctacc gtgactggtt cagtagccag ctgacagcca 480 

cctgcaacgt ggagcagtcc ttcttcaacg actggttcag tggacacctt aacttccaga 540 

ttgagcacca cctcttcccc accatgeccc ggcacaactt acacaagatc gccccgctgg 600 

tgaagtctct atgtgccaag catggcattg aataccagga gaagccgcta ctgagggcce 660 

tgctggacat eetcaggtce ctgaagaagt ctgggaagct gtggetggac gcctaccttc 720 

acaaatgaag ccacagcccc cgggacaccg tggggaaggg gtgcaggtgg ggtgatggcc 780 

agaggaatga tgggcttttg ttctgagggg tgtccgagag gctggtgtat gcactgctca 840 

cggaccccat gttggatctt tctccctttc tcctctcctt tttctcttca catctccccc 900 

atagcaccct gccctcatgg gacctgcccb ccctcagccg tcagccatca gccatggccc 960 

tcccagtgcc tcctagcccc ttcttccaag gagcagagag gtggccaccg ggggtggctc 1020 

tgtcctacct ccactctctg cccctaaaga tgggaggaga ccagcggtcc atgggtctgg 1080 

cctgtgagtc tccccttgca gcctggtcac taggcatcac ccccgctttg gttcttcaga 1140 

tgctcttggg gttcataggg gcaggtccta gtcgggcagg gcccctgacc ctcccggcct 1200 

ggcttcactc tccctgacgg ctgccattgg tccacccttt catagagagg cctgctttgt 1260 

tacaaagctc gggtctccct cctgcagctc ggttaagtae ccgaggcctc tcttaagatg 1320 

tccagggccc caggcccgcg ggcacagcca gcccaaacct tgggccctgg aagagtcctc 1380 

cacccca-tca ctagagtgct ctgaccctgg gctttcacgg gccccattcc accgcctccc 1440 

caacttgagc ctgtgacctt gggaccaaag ggggagtccc tcgtctcttg tgactcagca 1500 

gaggcagtgg ccacgttcag ggaggggccg gctggcctgg aggctcagcc caccctccag 1560 

cttttcctca gggtgtcctg aggtccaaga ttctggagca atctgaccct tctccaaagg 1620 

ctctgttatc agctgggcag tgccagccaa tccctggcca tttggcccca ggggacgtgg 1680 

gccctg 1686 

<210> SEQ ID NO 7 

<211> LENGTH X 1843 

<212> TYPES DMA 

<213> ORGANISM: Homo eapiens 

<400> SEQUENCES 7 

gtcttttact ttggcaatgg ctggattcct accctca^ca cggcctttgt ccttgctacc 60 

tctcaggccc aagctggatg gctgcaacat gattatggcc acctgtctgt ctacagaaaa 120 

cccaagtgga accaccttgt ccacaaattc gtcattggcc acttaaaggg tgcctctgce 180 

aactggtgga atcatcgcca cttccagcac cacgccaagc ctaacatctt ccacaaggat 240 

cccgatgtga acatgctgca cgtgtttgtt ctgggcgaat ggcagcccat cgagtacggc 300 

aagaagaagc tgaaatacct gccctacaat caccagcacg aatacttctt cctgattggg 360 
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ccgccgctgc tcatccccat gtatttccag taccagatca tcatgaceat gatcgtccat 420 

aagaactggg tggacctggc ctgggccgte agctactaca tccggttctt catcacctae 480 

atccctttct acggcatcct gggagccctc cttttcctca acttcatcag gttcctggag 540 

ogccactggt ttgtgtgggt cacacagatg aatcacatcg tcatggagat tgaccaggag 600 

gcctaccgtg actggttcag tagccagctg acagccacct gcaacgtgga gcagtccttc 660 

ttcaacgact ggttcagtgg acaccttaac ttccagattg agcaccacct cttccccacc 720 

atgccccggc acaacttaca caagatcgce ccgctggtga agtctctatg tgccaagcat 780 

ggcattgaat accaggagaa gccgctactg agggccctgc tggacatcat caggtccctg 840 

aagaagtctg ggaagctgtg gctggacgcc taccttcaca aatgaagcca cagcecccgg 900 

gacaccgtgg ggaaggggtg caggtggggt gatggccaga ggaatgatgg gcttttgttc 960 

tgaggggtgt ccgagaggct ggtgtatgca ctgctcacgg acc'ccatgtt ggatctttct 1020 

ccctttctcc tctccttttt ctcttcacat ctcccccata gcaccctgcc ctcatgggac 1080 

ctgccctccc tcagccgtca gccatcagcc atggccctcc cagtgcctcc tagcccctte 1140 

ttccaaggag cagagaggtg gccaccgggg gtggctctgt cctacctcca ctctctgccc 1200 

ctaaagatgg gaggagacca gcggtccatg ggtctggcct gtgagtctcc ccttgcagce 1260 

tggtcactag gcatcacccc cgctttggtt cttcagatgc tcttggggtt cataggggca 1320 

ggtcctagtc gggcagggcc cctgaccctc ccggcctggc ttcactctcc ctgacggctg 1380 

ccattggtcc accctttcat agagaggcct gctttgttac aaagctcggg tctccctcct 1440 

gcagctcggt taagtacccg aggcctctct -taagatgtcc agggccccag gcccgcgggc 1500 

acagccagcc caaaccttgg gccctggaag agtcctccac cccatcacta gagtgctctg 1560 

accctgggct ttcacgggcc ccattccacc gcctccccaa cttgagcctg tgaccttggg 1620 

accaaagggg gagtccctcg tctettgtga ctcagcagag geagtggcca cgttcaggga 1680 

ggggccggct ggcctggagg c-tcagcccac cctccagctt ttcctcaggg tgtcctgagg 1740 

tccaagattc tggagcaatc tgacccttc-t ccaaaggctc tgttatcagc tgggcagtgc 1800 

cagccaatcc ctggccattt ggccccaggg gacgtgggcc ctg 1843 



<210> SEQ ID NO 8 

<211> LENGTH: 2257 

<212> TYPE: DNA 

<213> ORGAMISNt Homo BapienB 

<400> SEQUENCE I 8 

cagggaccta ccccgcgcta cttcacctgg gacgaggtgg cccagcgctc agggtgcgag 60 

gagcggtggc tagtgatcga ccgtaaggtg tacaacatca gcgagttcac ccgccggcat 120 

ccagggggct cccgggtcat cagccactac gccgggcagg atgccacgga tccct-ttgtg 180 

gccttccaca tcaacaaggg ccttgtgaag aagtatatga actctctcct gattggagaa 240 

ctgtctccag agcagcccag ctttgagecc accaagaata aagagctgac agatgagttc 300 

cgggagctgc gggccacagt ggagcggatg gggctcatga aggccaacca tgtcttcttc 360 

ctgctgtacc tgctgcacat cttgctgctg gatggtgcag cctggctcac cctttgggtc 420 

tttgggacgt cctttttgcc cttcctcctc tgtgcggligc tgctcagtgc agttcagcag 480 

gcccaagctg gatggctgca acatgattat ggccacctgt ctgtctacag aaaaceeaag 540 

tggaaccacc ttgtccacaa attcgtcatt ggccacttaa agggtgcctc -tgccaaetgg 600 

tggaatcatc gccacttcca gcaccacgcc aagcctaaca tcttccacao ggatcccgat 660 
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gtgeacatgc tgcacgtgtt tgttctgggc gaatggcagc ccatcgagto cggcaagaag 720 

aagctgaaat acctgcccta caatcaccag cacgaatact tcttcctgat tgggccgccg 780 

ctgctca-tcc ccatgtattt ccagtaccag atcatcatga ccatga-tcgt ccataagaac 840 

tgggtggacc tggcctgggc cgtcagctac tacatccggt tcttcatcac ctacatccct 900 

ttctacggca tcctgggagc cctccttttc ctcaacttca tcaggttcct ggagagccae 960 

tggtttgtgt gggtcacaca gatgaatcac atcgtcatgg agattgacca ggaggcctac 1020 

cgtgactggt tcagtagcca gctgacagcc acctgcaocg tggagcagtc cttcttcaac 1080 

gectggttca gtggacacct taacttccag attgagcacc acctcttccc caccatgccc 1140 

cggcacaact tacacaagat cgccccgctg gtgaagtctc tatgtgccaa gcatggcatt 1200 

gaataccagg agaagecget actgagggcc ctgctggaca tcatcaggtc cctgaagaag 1260 

tctgggaagc tgtggctgga cgcctacctt cacaaatgaa gccacagccc ccgggacacc 1320 

gtggggaagg ggtgcaggtg gggtgatggc cagaggaatg atgggctttt gttctgaggg 1380 

gtgtccgaga ggctggtgta tgcactgctc acggacccca tgttggatct ttctcccttt 1440 

ctcctctcct ttttctcttc acatctcccc catagcaccc tgccctcatg ggacctgccc 1500 

tccctcagcc gtcagccatc agccatggcc ctcccagtgc ctcctagccc cttcttccaa 1560 

ggagcagaga ggtggccacc gggggtggct ctgtcctacc tccactctct gcccctaaag 1620 

atgggaggag accagcggtc catgggtctg gcctgtgagt ctccccttgc agcctggtca 1680 

ctaggcatca cccccgcttt ggttcttcag atgctcttgg ggttcatagg ggcaggtcct 1740 

agtcgggcag ggcccctgac cctcccggcc tggcttcact ctccctgacg gctgccattg 1800 

gtccaccctt tcatagagag gcctgctttg ttacaaagct cgggt.ct;ccc tcctgcagct 1860 

cggttaagta cccgaggcct ctcttaagat gtccagggcc ccaggcccgc gggcacagec 1920 

agcccaaacc ttgggccctg gaagagtcct ccaccccatc actagagtgc tctgaccctg 1980 

ggctttcacg ggccccattc caccgcctcc ccaacttgag cctgtgacct tgggaccaaa 2040 

gggggagtcc ctcgtctctt gtgactcagc agaggcagtg gccacgttca gggaggggcc 2100 

ggctggcctg gaggctcagc ccaccctcca gcttttcctc agggtgtcct gaggtccaag 2160 

attctggagc aatctgaccc ttctccaaag gctctgt-tat cagctgggca gtgccagcca 2220 

atccctggcc atttggcccc aggggacgtg ggccctg 2257 

<210> SEQ ID NO 9 

<211> LENGTH: 432 

<212> TYPE: PRT 

<213> ORGANISM 1 Homo sapiens 

<220> FEATURE: 

<221> NAME/KEY > VARIANT 

<222> LOCATIONf <432) . • . (432) 

<223> OTHER INFORMATIONS Xaa - Unknown or other at position 432 

<400> SEQUENCE: 9 

Gin Gly Pro Thr Pro Arg Tyr Phe Thr Trp Asp Glu Val Ala Gin Arg 
1 5 10 15 

Ser Gly Cys Glu Glu Arg Trp Leu Val He Asp Arg Lys Val Tyr Asn 



Hie Tyr Ala Gly Gin Asp Ala Thr Asp Pro Phe Val Ala Phe His He 
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Aen Lye Gly Leu Val Lys Lys Tyr Met Aen Ser Leu Leu lie Gly Glu 
65 70 75 80 

Leu Ser Fro Glu Gin Pro Ser Phe Glu Pro Thr Lys Aen Lye Glu Leu 
85 90 95 

Thr Aap Glu Phe Arg Glu Leu Arg Ale Thr Val Glu Arg Met Gly Leu 
100 105 110 

Net Lye Ala Aen Hie Val Phe Phe Leu Leu Tyr Leu Leu Hie lie Leu 
115 120 125 

Leu Leu Asp Gly Ala Ala Trp Leu Thr Leu Tzp Val Phe Gly Thr Ser 
130 135 140 

Phe Leu Pro Phe Leu- Leu Cys Ala Val Leu Leu Ser Ala Val Gin Ala 
145 ISO 155 160 

Gin Ala Gly Trp Leu Gin Rie Asp Tyr Gly His Leu Ser Val Tyr Arg 
165 170 175 

Lys Pro Lys Trp Asn His Leu Val His Lya Phe Val He Gly His Leu 

180 185 190 

Lys Gly Ala Ser Ala Aen Trp Trp Asn His Arg His Fhe Gin His His 
195 200 205 

Ala Lys Pro Asn He Phe His Lys Asp Pro Asp Val Asn Net Leu Bis 
210 215 220 

Val Phe Val Leu Gly Glu Trp Gin Pro He Glu Tyr Gly Lys Lys Lys 
225 230 235 240 

Leu Lye Tyr Leu Pro Tyr Asn His Gin His Glu Tyr Phe Phe Leu He 
245 250 255 

Gly Pro Fro Leu Leu He Fro Met Tyr Phe Gin Tyr Gin He He Net 
260 265 270 

Thr Met He Val His Lys Asn Trp Val Asp Leu Ala Trp Ala Val Ser 
275 280 285 

Tyr Tyr He Arg Phe Phe He Thr Tyr He Fro Phe Tyr Gly He Leu 
290 295 300 

Gly Ala Leu Leu Phe Leu Asn Phe He Arg Fhe Leu Glu Ser His Trp 
305 310 315 320 

Fhe Val Trp Val Thr Gin Met Asn His He Val Het Glu He Asp Gin 
325 330 335 

Glu Ala Tyr Arg Asp Trp Phe Ser Ser Gin Leu Thr Ala Thr Cya Asn 
340 345 350 

Val Glu Gin Ser Fhe Fhe Asn Asp Trp Phe Ser Gly His Leu Asn Hie 
355 360 365 

Gin He Glu His His Leu Phe Pro Thr Het Pro Arg His Asn Leu His 

370 375 380 

Lys He Ala Pro Leu Val Lys Ser Leu Cys Ala Lys His Gly He Glu 
385 390 395 400 

Tyr Gin Glu Lys Pro Leu Leu Arg Ala Leu Leu Asp He He Arg Ser 
405 410 415 

Leu Lys Lys Ser Gly Lys Leu Trp Leu Asp Ala Tyr Leu His Lys Xaa 



<210> SEQ ID NO 10 

<211> LElIGTHf 458 

<212> TYPE: FRT 

<213> ORGANISM: HoDO sapiens 

<220> FEATURE I 

<221> NAHE/XE7: VARIAZIT 

<222> LOCATION! (458) . . . (458) 

<223> OTHER INFORHATZONs Xaa - UnXnoun or other at position 458 



420 



425 



430 
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<400> SEQUENCE X 10 

Met Ala Ala Ala Pro Ser Val Arg Thr Phe Thr Arg Ala Glu Val Leu 
15 10 15 

Asn Ala Glu Ala Leu Aen Glu 61y Lye Lys Asp Ala Glu Ala Pro Phe 
20 25 30 

Leu Met lie lie Asp Aen Lye Val Tyr Asp Val Arg Glu Phe Val Pro 
35 .40 45 

Asp His Pro Gly Gly Ser Val lie Leu Thr His Val Gly Lye Asp Gly 
50 55 60 

Thr Asp Val Phe Asp Thr Phe His Pro Glu Ala Ala Trp Glu Thr Leu 
65 70 75 80 

Ala Asn Phe Tyr Val Gly Asp He Asp Glu Ser Asp Arg Asp He Lys 
85 90 95 

Asn Asp Asp Phe Ala Ala Glu Val Arg Lys Leu Arg Thr Leu Phe Gin 
100 , 105 110 

Ser Leu Gly Tyr Tyr Asp Ser Ser Lys Ala Tyr Tyr Ala Phe Lys Val 
115 120 125 

Ser Phe Asn Leu Cys He Trp Gly Leu Ser Thr Val He Val Ala Lys 

130 135 140 

Trp Gly Gin Thr Ser Thr Leu Ala Asn Val Leu Ser Ala Ala Leu Leu 
145 150 155 160 



Gly Leu Phe Trp Gin Gin Cys Gly Trp Leu Ala His Asp Phe Leu His 
165 170 175 

His Gin Val Phe Gin Asp Arg Phe Trp Gly Asp Leu Phe Gly Ala Phe 
180 185 190 

Leu Gly Gly Val Cys Gin Gly Phe Ser Ser Ser Trp Trp Lys Asp Lys 

195 200 205 

His Asn Thr His His Ala Ala Pro Asn Val His Gly Glu Asp Pro Asp 
210 215 220 

He Asp Thr His Pro Leu Leu Thr Trp Ser Glu His Ala Leu Glu Net 
225 230 235 240 

Phe Ser Asp Val Pro Asp Glu Glu Leu Thr Arg Net Trp Ser Arg Phe 
245 250 255 

Met Val Leu Asn Gin Thr Trp Phe Tyr Phe Pro He Leu Ser Phe Ala 

260 265 270 

Arg Leu Ser Trp Cys Leu Gin Ser He Leu Phe Val Leu Pro Asn Gly 
275 280 285 

Gin Ala His Lys Pro Ser Gly Ala Arg Val Pro He Ser Leu Val Glu 
290 295 300 

Gin Leu Ser Leu Ala Met His Trp Thr Trp Tyr Leu Ala Thr Net Phe 
305 310 315 320 

Leu Phe He Lys Asp Pro Val Asn Net Leu Val Tyr Phe Leu Val Ser 

325 330 335 

Gin Ala Val Cys Gly Asn Leu Leu Ala He Val Phe Ser Leu Asn His 
340 345 350 

Asn Gly Het Pro Val He Ser Lys Glu Glu Ala Val Asp Net Asp Phe 
355 360 365 

Phe Thr Lys Gin He He Thr Gly Arg Asp Val Hie Pro Gly Leu Phe 

370 375 380 

Ala Asn Trp Phe Thr Gly Gly Leu Asn Tyr Gin He Glu His His Leu 
385 390 395 400 

Phe Pro Ser Met Pro Arg His Asn Phe Ser Lys He Gin Pro Ala Val 



405 



410 



415 
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Glu Thr Leu Cys Lye Lye Tyr Asn Val Arg Tyr His Thr Thr Gly Net 
420 425 430 

lie Glu Gly Thr Ala Glu Val Phe Ser Arg Leu Aen Glu Val Ser Lye 
435 440 445 

Ala Ala Ser Lys Met Gly Lye Ala Gin Xaa 
450 455 



<210> SEQ ID NO 11 

<211> LENGTH I 444 

<212> TYPES PRT 

<213> ORGAMISHs Homo sapiens 

<400> SEQUENCE t 11 

Met Ala Pro Asp Pro Val Ala Ala Glu Thr Ala Ala Gin Gly Pro Thr 
1 5 10 IS 

Pro Arg Tyr Phe Thr Trp Asp Glu Val Ala Gin Arg Ser Gly Cys Glu 
20 25 30 

Glu Arg Trp Leu Val Zle Asp Arg Lys Val Tyr Asn lie Ser Glu Phe 
35 40 45 

Thr Arg Arg His Pro Gly Gly Ser Arg Val He Ser His Tyr Ala Gly 
50 55 60 

Gin Asp Ala Thr Asp Pro Phe Val Ala Phe His He Asn Lys Gly Leu 
65 70 75 60 

Val Lys Lys Tyr Met Asn Ser Leu Leu He Gly Glu Leu Ser Pro Glu 

85 90 95 

Gin Pro Ser Phe Glu Fro Thr Lye Asn Lys Glu Leu Thr Asp Glu Phe 
100 105 110 

Arg Glu Leu Arg Ala Thr Val Glu Arg Met Gly Leu Met Lys Ala Asn 
115 120 125 

His Val Phe Phe Leu Leu Tyr Leu Leu His He Leu Leu Leu Asp Gly 
130 135 140 

Ala Ala Trp Leu Thr Leu Trp Val Phe Gly Thr Ser Phe Leu Pro Phe 

145 150 155 160 

. Leu Leu Cys Ala Val Leu Leu Ser Ala Val Gin Ala Gin Ala Gly Trp 
165 170 175 

Leu Gin Hie Asp Phe Gly His Leu Ser Val Phe Ser Thr Ser Lye Trp 
180 185 190 

Asn His Leu Leu His Hie Phe Val Zle Gly His Leu Lys Gly Ala Pro 
195 200 205 

Ala Ser Trp Trp Asn His Met His Phe Gin His His Ala Lys Pro Asn 
210 215 220 

Cys Phe Arg Lys Asp Pro Asp He Asn Met His Pro Phe Phe Phe Ala 
225 230 235 240 

Leu Gly Lye He Leu Ser Val Glu Leu Gly Lys Gin Lys Lye Lys Tyr 
245 250 255 

Met Pro Tyr Asn His Gin Bis Lys Tyr Phe Phe Leu He Gly Pro Pro 
260 265 270 

Ala Leu Leu Pro Leu Tyr Phe Gin Trp Tyr He Phe Tyr Phe Val He 
275 280 285 

Gin Arg Lys Lys Trp Val Asp Leu Ala Trp Met He Thr Phe Tyr Val 
290 295 300 

Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lys Ala Phe Leu 
305 310 315 320 

Gly Leu Phe Phe Zle Val Arg Phe Leu Glu Ser Aen Trp Phe Val Trp 
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325 330 335 

Val Tfar Gin Met Aen His lie Pro Het His lie Asp His Asp Arg Asn 
340 345 350 

Net Asp Trp Val Ser Thr Gin Leu Leu Ala Thr Cye Asn Val His Lye 

355 360 365 

Ser Ale Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe Gin lie Glu 
370 375 380 

His His Leu Phe Pro Thr Met Pro Arg His Asn Tyr His Lys Val Ala 
385 390 395 400 

Fro Leu Val Gin Ser Leu Cys Ala Lys Arg Gly He Glu Tyr Gin Ser 
405 410 415 

Lye Fro Leu Leu Ser Ala Phe Ala Asp He He His Ser Leu Lys Glu 
420 425 430 

Ser Gly Gin Leu Trp Leu Asp Ala Tyr Leu His Gin 
435 440 



<210> SEQ ID NO 12 

<211> LENGTH: 864 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE I 12 

ctcctggagc ccgtcagtat cggcggaatt ccggcagttc aggcccaggc tggctggctg €0 

cagcatgact ttgggcacet gtcggtcttc agcacctcaa agtggaacca tctgctacat 120 

cattttgtga ttggccacct gaagggggcc cccgccagtt ggtggaacca catgcacttc 180 

cagcoccatg ccaagcccaa ctgcttccgc aaagacccag acatcaacat gcatcccttc 240 

ttctttgcct tggggaagat cctctctgtg gagcttggga aacagaagaa aaaatatatg 300 

ccgtacaacc accagcacaa atacttcttc ctaattgggc ccccagcctt gctgcctctc 360 

tacttccagt ggtatatttt ctattttgtt atccagcgaa agaagtgggt ggacttggcc 420 

tggatgatta ccttctacgt ccgcttcttc ctcacttatg tgccactatt ggggctgaaa 480 

gccttcctgg gccttttctt catagtcagg ttcctggaaa gcaactggtt tgtgtgggtg 540 

acacagatga accatattcc catgcacatt gatcatgacc ggaacatgga ctgggtttcc 600 

acccagctcc aggccacatg caatgtccac aagtctgcct tcaatgactg gttcagtgga 660 

cacctcaact tccagattga gcaccatctt tttcccacga tgcctcgaca caattaccac 720 

aaagtggctc ccctggtgca gtccttgtgt gccaagcatg gcatagagta ccagtccaag 780 

cccctgctgt cagccttcgc cgacatcatc cactcactaa aggagtcagg gcagctctgg 840 

ctagatgcct atcttcacca ataa 864 



<2I0> SEQ ZD NO 13 

<211> LENGTH: 287 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE! 13 

Leu Leu Glu Pro Val Ser He Gly Gly He Fro Ala Val Gin Ala Gin 

15 10 15 

Ala Gly Trp Leu Gin His Asp Phe Gly His Leu Ser Val Phe Ser Thr 
20 25 30 

Ser Lys Trp Asn His Leo Leu His Hie Phe Val He Gly His Leu Lys 
35 40 45 

Gly Ala Pro Ala Ser Trp Trp Asn His Met Bis Phe Gin Bis His Ala 
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50 55 60 

Lye Fro Asn Cye Phe Arg Lyo Asp Pro Asp He Aen Het His Pro Phe 
65 70 75 80 

Phe Phe Ala Leu Gly Lys Zle Leu Ser Val 6lu Leu Gly Lys Gin Lys 
65 90 95 

Lys Lys Tyr Met Pro Tyr Asn His Gin His Lys Tyr Phe Phe Leu He 
100 105 110 

Gly Fro Pro Ala Leu Leu Fro Leu Tyr Phe Gin Trp Tyr Zle Phe Tyr 
115 120 125 

Phe Val He Gin hrg Lys Lys Trp Val Asp Leu Ala Trp Met He Thr 
130 135 140 

Phe Tyr Val Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lys 
145 150 155 160 

Ala Phe Leu Gly Leu Phe Phe He Val Arg Phe Leu Glu Ser Asn Trp 
165 170 175 

Phe Val Trp Val Thr Gin Met Asn His He Pro Net His He Asp His 
180 185 190 

Asp Arg Asn Het Asp Trp Val Ser Thr Gin Leu Gin Ala Thr Cys Asn 
*195 200 205 

Vol His Lys Ser Alo Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe 
210 215 220 

Gin He Glu His His Leu Phe Pro Thr Met Pro Arg His Asn Tyr His 
225 230 235 240 

Lye Val Ala Pro Leu Val Gin Ser Leu Cys Ala Lys His Gly He Glu 
245 250 255 

Tyr Gin Ser Lye Pro Leu Leu Ser Ala Phe Ala Asp He He His Ser 
260 265 270 

Leu Lys Glu Ser Gly Gin Leu Trp Leu Asp Ala Tyr Leu His Gin 
275 280 285 



<210> SEQ ID KO 14 

<211> LENGTH t 288 

<212> TYPES FRT 

<213> ORGANISM I Homo sapiens 

<220> FEATXJRE: 

<221> NAME /KEY: VARIANT 

<222> LOCATION! (288) . . . (288) 

<223> OTHER INFORMATION! Xaa - Unknown or other at position 288 
<400> SEQUENCE t 14 

Leu Leu Glu Pro Val Ser He Gly Gly He Pro Ala Val Gin Ala Gin 
15 10 15 

Ala Gly Trp Leu Gin His Asp Phe Gly His Leu Ser Val Phe Ser Thr 
20 25 30 

Ser Lys Trp Asn His Leu Leu His His Phe Val He Gly His Leu Lys 
35 40 45 

Gly Ala Pro Ala Ser Trp Trp Asn His Met His Phe Gin His His Ala 
SO 55 60 

Lys Pro Asn Cys Phe Arg Lys Asp Pro Asp He Asn Met Bis Pro Phe 
65 70 75 80 

Phe Phe Ala Leu Gly Lys Zle Leu Ser Val Glu Leu Gly Lys Gin Lys 
85 90 95 

Lys Lys Tyr Met Pro Tyr Asn His Gin His Lys Tyr Phe Phe Leu Zle 
100 105 110 

Gly Pro Pro Ala Leu Leu Pro Leu Tyr Phe Gin Trp Tyr He Phe Tyr 
115 120 125 
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Phe Val He Gin Arg Lye Lye Trp Val Asp Leu Ala Trp Met He Thr 
130 135 140 

Phe Tyr Val Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lye 
145 150 155 160 

Ala Phe Leu Gly Leu Phe Phe He Val Arg Phe Leu Glu Ser Aen Trp 
165 170 175 

Phe Val Trp Val Thr Gin Net Asn His He Fro Net His He Asp Hie 
160 185 190 

Asp Arg Asn Met Asp Trp Val Ser Thr Gin Leu Gin Ala Thr Cys Asn 
195 200 205 

Val His Lye Ser. Ala Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe 
210 215 220 

Gin He Glu Hie Hie Leu Phe Pro Thr Met Pro Arg His Aen Tyr His 
225 230 235 240 

Lye Val Ala Pro Leu Val Gin Ser Leu Cys Ala Lye Hie Gly He Glu 
245 250 255 

Tyr Gin Ser Lye Pro Leu Leu Ser Ala Phe Ala Asp He He His Ser 
260 265 270 

Leu Lys Glu Ser Gly Gin Leu Trp Leu Asp Ala Tyr Leu His Gin Xaa 



<210> SEQ ID NO 15 

<211> LENGTH: 315 

<212> TYPES FRT 

<213> ORGANISM I Homo sapiens 

<220> FEATURE! 

<221> NAME/KEY: VARIANT 

<222> LOCATION: ( 315 ) . . . ( 315) 

<223> OTHER INFORMATION: Xaa » Unknown or other at position 315 
<400> SEQUENCE: 15 

Ala Ser Tyr Tyr Ala Gin Leu Phe Val Pre Phe Val Val Glu Arg Thr 
15 10 15 

Trp Leu Gin Val Val Phe Ala He He Met Gly Phe Ala Cys Ala Gin 
20 25 30 

Val Gly Leu Asn Pro Leu His Asp Ala Ser His Phe Ser Val Thr His 
35 40 45 

Asn Pro Thr Val Trp Lys He Leu Gly Ala Thr Hie Asp Phe Phe Asn 
50 55 60 

Gly Ala Ser Tyr Leu Val Trp Met Tyr Gin Hie Net Leu Gly His His 

65 70 75 80 

Fro Tyr Thr Asn He Ala Gly Ala Asp Pro Aep Val Ser Thr Ser Glu 
85 90 95 

Pro Aep Val Arg Arg He Lys Fro Asn Gin Lys Trp Phe Val Asn His 
100 105 110 

He Asn Gin His Met Phe Val Fro Phe Leu Tyr Gly Leu Leu Ala Phe 
115 120 125 

Lye Val Arg He Gin Asp He Asn He Leu Tyr Phe Val Lys Thr Asn 
130 135 140 

Asp Ala He Arg Val Asn Pro He Ser Thr Trp His Thr Val Met Phe 
145 150 155 160 

Trp Gly Gly Lys Ala Phe Phe Val Trp Tyr Arg Leu He Val Pro Leu 
165 170 175 

Gin Tyr Leu Pro Leu Gly Lye Val Leu Leu Leu Phe Thr Val Ala Aep 



275 



280 



285 



180 



185 



190 
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Net Val Ser Ser Tyr Trp Leu Ala Leu Thr Phe Gin Ala Asn Bis Val 
195 200 205 

Val Glu Glu Val Gin Trp Pro Leu Pro Asp Glu Aen Gly lie lie Gin 
210 215 220 

Lya Aap Trp Ala Ala Met Gin Val Glu Thr Thr Gin Asp Tyr Ala His 
225 230 235 240 

Asp Ser His Leu Trp -Thr Ser lie Thr Gly Ser Leu Asn Tyr Gin Ala 
245 250 255 

Val His His Leu Phe Fro Asn Val Ser Gin His His Tyr Pro Asp He 
260 265 270 

Leu Ala He He Lys Asn Thr Cye Ser Glu Tyr Lye Val Pro Tyr Leu 
275 280 285 

Val Lys Asp Thr Phe Trp Gin Ala Phe Ala Ser His Leu Glu His Leu 
290 295 300 

Arg Val Leu Gly Leu Arg Pro Lys Glu Glu Xaa 
305 310 315 



<210> SEQ ID NO 16 

<211> LENGTH: 288 

<212> TYPE: PRT 

<213> ORGANISMi Homo sapiens 

<220> FEATURE t 

<221> HAME/KEY: VARIANT 

<222> LOCATION: ( 288 ) . . . < 288 ) 

<223> OTHER INFORMATION: Xaa - Unkno%m or other at position 288 
<400> SEQUENCE t 16 

Leu Leu Glu Pro Val Ser He Gly Gly He Pro Ala Val Gin Ala Gin 

15 10 15 

Ala Gly Trp Leu Gin His Asp Phe Gly His Leu Ser Val Phe Ser Thr 
20 25 30 

Ser Lys Trp Asn Bis Leu Leu His His Phe Val He Gly His Leu Lys 
35 40 45 

Gly Ala Pro Ala Ser Trp Trp Asn His Net His Phe Gin His His Ala 
50 55 60 

Lys Fro Asn Cys Phe Arg Lys Asp Fro Asp He Asn Met His Pro Phe 

65 70 75 80 

Phe Phe Ala Leu Gly Lys He Leu Ser Val Glu Leu Gly Lys Gin Lys 
85 90 95 

Lys Lys Tyr Het Pro Tyr Asn His Gin His Lys Tyr Phe Phe Leu He 
100 105 110 

Gly Fro Pro Ala Leu Leu Pro Leu Tyr Phe Gin Trp Tyr He Phe Tyr 
115 120 125 

Phe Val He Gin Arg Lys Lys Trp Val Asp Leu Ala Trp Het He Thr 
130 135 140 

Phe Tyr Val Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lys 
145 150 155 160 

Ala Phe Leu Gly Leu Phe Phe He Val Arg Phe Leu Glu Ser Asn Trp 
165 170 175 

Phe Val Trp Val Thr Gin Met Asn Bis He Pro Het His He Asp His 
180 185 190 

Asp Arg Asn Met Asp Trp Val Ser Thr Gin Leu Gin Ala Thr Cys Asn 
195 200 205 

Val His Lys Ser Ala Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe 
210 215 220 

Gin He Glu His Bis Leu Phe Pro Thr Met Pro Arg His Asn Tyr His 
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225 



230 



235 



240 



Lye Val Ala Fro Leu Val Gin Ser Leu Cya Ala Lye Hie Gly He Glu 
245 250 255 

Tyr Gin Ser Lys Pro Leu Leu Ser Ala Fhe Ala Aap lie He His Ser 
260 265 270 

Leu Lye Glu Ser Gly Gin Leu trp Leu Aap Ala Tyr Leu Hie Gin Xaa 



<210> SEQ ID NO 17 

<211> LENGTH! 323 

<212> TYPE I PRT 

<213> ORGANISM! Homo sapiens 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATIONS (323) . . . (323) 

<223> OTHER INFORMATION i Xaa - Unlcnown or other at position 323 
<400> SEQUENCE t 17 

Gly Leu Ser Thr Val He Val Ala Lys Trp Gly Gin Thr Ser Thr Leu 
15 10 15 

Ala Aan Val Leu Ser Ala Ala Leu Leu Gly Leu Phe Trp Gin Gin Cys 
20 25 30 

Gly Trp Leu Ala Hie Asp Phe Leu His His Gin Val Phe Gin Asp Arg 
35 40 45 

Phe Trp Gly Asp Leu Phe Gly Ala Phe Leu Gly Gly Val Cys Gin Gly 
50 55 60 

Phe Ser Ser Ser Trp Trp Lys Asp Lys His Asn Thr Hie His Ala Ala 
65 70 75 80 

Pro Asn Val Hie Gly Glu Asp Pro Asp He Asp Thr His Pro Leu Leu 

85 90 95 

Thr Trp Ser Glu His Ala Leu Glu Net Phe Ser Asp Val Fro Asp Glu 
100 105 110 

Glu Leu Thr Arg Met Trp Ser Arg Phe Met Val Leu Asn Gin Thr Trp 
115 120 125 

Fhe Tyr Phe Fro He Leu Ser Phe Ala Arg Leu Ser Trp Cys Leu Gin 
130 135 140 

Ser He Leu Fhe Val Leu Pro Asn Gly Gin Ala His Lys Pro Ser Gly 
145 150 155 160 

Ala Arg Val Pro He Ser Leu Val Glu Gin Leu Ser Leu Ala Met His 
165 170 175 

Trp Thr Trp Tyr Leu Ala Thr Met Phe Leu Phe He Lys Asp Pro Val 
180 185 190 

Asn Met Leu Val Tyr Phe Leu Val Ser Gin Ala Val Cys Gly Asn Leu 
195 200 205 

Leu Ala He Val Phe Ser Leu Asn His Asn Gly Met Pro Val He Ser 

210 215 220 

Lys Glu Glu Ala Val Asp Met Asp Phe Phe Thr Lys Gin He He Thr 
225 230 235 240 

Gly Arg Asp Val Bis Pro Gly Leu Phe Ala Aan Trp Fhe Thr Gly Gly 
245 250 255 

Leu Asn Tyr Gin He Glu His His Leu Fhe Pro Ser Met Pro Arg His 
260 265 270 

Asn Phe Ser Lys He Gin Pro Ala Val Glu Thr Leu Cys Lys Lys Tyr 
275 280 285 

Asn Val Arg Tyr His Thr Thr Gly Met He Glu Gly Thr Ala Glu Val 
290 295 300 



275 



280 



285 




us 6,428,990 Bl 
65 66 

"-continued 



Phe Ser Acq Leu Asn Glu Val Ser Lys Ala Ala Ser Lya Het Gly Lys 
305 310 315 320 

Ala Gin Xaa 



<210> SEQ ZD NO 18 

<211> LENGTHS 288 

<212> TYPES PRT 

<213> ORGANISMS Homo sapiens 

<220> FEATURE: 

<221> NAHE/KETt VARIANT 

<222> LOCATZOHs (288) . . . (288) 

<223> OTHER INFORMATZON t Xaa - Unknown or other at position 288 
<400> SEQUESCE: 18 

Leu Leu Glu Pro Val Ser He Gly Gly lie Pro Ala Val Gin Ala Gin 
15 10 15 

Ala Gly Trp Leu Gin His Asp Phe Gly His Leu Ser Val Phe Ser llir 
20 25 30 

Ser Lye Trp Asn His Leu Leu His His Phe Val lie Gly His Leu Lya 
35 40 45 

Gly Ala Pro Ala Ser Trp Trp Asn His Net His Phe Gin His His Ala 
50 55 60 

Lys Fro Asn Cys Phe Arg Lys Asp Pro Asp lie Asn Met His Pro Phe 
65 70 75 80 

Phe Phe Ala Leu Gly Lys lie Leu Ser Val Glu Leu Gly Lys Gin Lys 
85 90 95 

Lye Lys Tyr Het Fro Tyr Asn His Gin Hie Lye Tyr Phe Phe Leu lie 
100 105 110 

Gly Pro Pro Ala Leu Leu Pro Leu Tyr Phe Gin Trp Tyr Xle Phe Tyr 
115 120 125 

Phe Val lie Gin Arg Lys Lys Trp Val Asp Leu Ala Trp Het lie Thr 
130 135 140 

Phe Tyr Val Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lys 
145 150 155 160 

Ala Phe Leu Gly Leu Phe Phe lie Val Arg Phe Leu Glu Ser Asn Trp 
165 170 175 

Phe Val Trp Val Thr Gin Het Asn His Zle Pro Het His lie Asp His 
180 185 190 

Asp Arg Asn Met Asp Trp Val Ser Thr Gin Leu Gin Ala Thr Cys Asn 
195 200 205 

Val His Lys Ser Ala Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe 
210 215 220 

Gin Zle Glu His Bis Leu Phe Pro Thr Met Pro Arg His Asn Tyr His 
225 230 235 240 

Lys Val Ala Fro Leu Val Gin Ser Leu Cys Ala Lys His Gly He Glu 
245 250 255 

Tyr Gin Ser Lys Pro Leu Leu Ser Ala Phe Ala Asp lie lie His Ser 
260 265 270 

Leu Lys Glu Ser Gly Gin Leu Trp Leu Asp Ala Tyr Leu His Gin Xaa 
275 280 285 



<210> SEQ ID NO 19 

<211> LENGTH I 356 

<212> TYPES PRT 

<213> ORGANISM I Homo sapiens 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 
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<222> LOCATION: < 294) . . . ( 294 ) 

<223> OTHER INFORMATION: Xae - Unknown or other at position 294 
<221> NAHE/KEY: VARIANT 
<222> LOCATION: (320) . . . (320) 

<223> OTHER INFORMATIONS Xaa - Unknown or other at position 320 

<400> SEQUENCE I 19 

Val Phe Tyr Phe Gly Aen Gly Trp lie Pro Thr Leu lie Thr Ala Phe 
1 5 . JO 15 

Val Leu Ala Thr Ser Gin Ala Gin Ala Gly Trp Leu Gin His Asp Tyr 
20 25 30 

Gly His Leu Ser Val Tyr Arg Lye Pro Lys Trp Asn His Leu Val His 
35 40 45 

Lys Phe Val lie Gly His Leu Lys Gly Ala Ser Ala Asn Trp Trp Asn 
50 55 60 

His Arg His Phe Gin His His Ala Lys Pro Asn lie Phe His Lys Asp 
65 70 75 80 

Pro Asp Val Asn Met Leu His Val Phe Val Leu Gly 6lu Trp Gin Pro 
85 90 95 

lie Glu Tyr Gly Lys Lys Lys Leu Lys Tyr Leu Pro Tyr Asn His Gin 
100 105 110 

His Glu Tyr Phe Phe Leu lie Gly Pro Pro Leu Leu He Pro Met 'Tyr 
115 120 125 

Phe Gin Tyr Gin He He Met Thr Met He Val His Lys Asn Trp Val 
130 135 140 

Asp Leu Ala Trp Ala Val Ser Tyr Tyr He Arg Phe Phe He Thr He 
145 150 155 160 

Pro Phe Tyr Gly He Leu Gly Ala Leu Leu Phe Leu Asn Phe He Arg 

165 170 175 

Phe Leu Glu Ser His Trp Phe Val Trp Val Thr Gin Met Asn His He 
180 185 190 

Val Met Glu He Asp Gin Glu Ala Tyr Arg Asp Trp Phe Ser Ser Gin 
195 200 205 

Leu Thr Ala Thr Cys Asn Val Glu Gin Ser Phe Phe Asn Asp Trp Phe 
210 215 220 

Ser Gly His Leu Asn Phe Gin He Glu His His Leu Phe Pro Thr Met 
225 230 235 240 

Pro Arg His Asn Leu His Lys He Ala Pro Leu Val Lys Ser Leu Cys 
245 250 255 

Ala Lys His Gly He Glu Tyr Gin Glu Lys Pro Leu Leu Arg Ala Leu 
260 265 270 

Leu Asp He He Arg Ser Leu Lys Lys Ser Gly Lys Leu Trp Leu Asp 
275 280 285 

Ala Tyr Leu His Lys Xaa Ser His Ser Pro Arg Asp Thr Val Gly Lys 
290 295 3O0 

Gly Cys Arg Trp Gly Asp Gly Gin Arg Asn Asp Gly Leu Leu Phe Xaa 
305 310 315 320 

Gly Val Ser Glu Arg Leu Val Tyr Ala Leu Leu Thr Asp Fro Met Leu 



Asp Leu Ser Pro Phe Leu Leu Ser Phe Phe Ser Ser His Leu Pro Hie 



325 



330 



335 



340 



345 



350 



Ser Thr Leu Pro 
355 



<210> SEQ ID NO 20 
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<2X1> LENGTH: 219 

<212> TYFEt PRT 

<213> ORGANISMS Homo eapiens 

<400> SEQUENCE I 20 

Leu Leu Glu Fro Val Ser lie 61y 61y Xle Fro Ale Vel Gin Ala Gin 
1 5 10 . IS 

Ala Gly Trp Leu Gin His Aep Phe Gly His Leu Ser Val Phe Ser Thr 
20 25 30 

Ser Lys Trp Asn Hie Leu Leu Hie Hie Phe Val lie Gly Hie Leu Lys 
35 40 45 

Gly Ala Pro Ala Ser Trp Trp Asn Hie Met His Phe Gin His His Ala 
SO 55 60 

Lys Pro Asn Cys Phe Arg Lys Asp Pro Asp lie Asn Het Bis Pre Phe 
65 70 75 80 

Phe Phe Ala Leu Gly Lys lie Leu Ser Val Glu Leu Gly Lys Gin Lys 
85 90 95 

Lys Lys Tyr Met Pro Tyr Asn His Gin His Lys Tyr Phe Phe Leu He 

100 105 110 

Gly Pro Pro Ala Leu Leu Pro Leu Tyr Phe Gin Trp Tyr He Phe Tyr 
lis 120 125 

Phe Val He Gin Arg Lys Lys Trp Val Asp Leu Ala Trp Met He Thr 
130 135 140 

Phe Tyr Val Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lys 
145 ISO 155 160 

Ala Phe Leu Gly Leu Phe Phe He Val Arg Phe Leu Glu Ser Asn Trp 

165 170 175 

Phe Val Trp Val Thr Gin Met Asn His He Fro Met His He Asp His ' 
180 185 190 

Asp Arg Asn Met Asp Trp Val Ser Thr Gin Leu Gin Ala Thr Cys Asn 
195 200 205 

Val His Lys Ser Ala Phe Asn Asp Trp Phe Ser 
210 215 



<210> SEQ ID NO 21 

<211> LENGTHS 182 

<212> TYPE: PRT 

<213> ORGANISM: Homo sapiene 

<220> FEATURE: 

<221> NAME/KEY t VARIAKT 

<222> LOCATION: ( 128) . . . (128) 

<223> OTHER INFORMATION: Xaa - Unknown or other at position 128 
<400> SEQUENCE: 21 

Leu His He Leu Leu Leu Aep Gly Ala Ala Trp Leu Thr Leu Trp Val 
15 10 15 

Phe Gly Thr Ser Phe Leu Fro Phe Leu Leu Cys Ala Val Leu Leu Ser 
20 25 30 

Ala Val Gin Ala Gin Ala Gly Trp Leu Gin His Asp Phe Gly His Leu 
35 40 45 

Ser Val Phe Ser Thr Ser Lys Trp Asn His Leu Leu His His Phe Val 

50 55 60 

He Gly His Leu Lys Gly Ala Pro Ala Ser Trp Trp Asn His Met His 
65 70 75 80 

Phe Gin His His Ala Lys Pro Asn Cys Phe Arg Lys Asp Fro Asp He 
85 90 95 

Asn Met Hie Fro Phe Phe Phe Ala Leu Gly Lye He Leu Ser Val Glu 
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100 IDS 110 

Leu Gly Lye Gin Lye Lye Lye Tyr Net Pro Tyr Asn Hie Gin Hie Xaa 
lis 120 125 

Tyr Fhe Fhe Leu lie Gly Fro Pro Ala Leu Leu Pro Leu Tyr Phe Gin 
130 135 140 

Trp Tyr lie Fhe Tyr Phe Val lie Gin Arg Lye Lye Trp Val Aep Leu 
145 150 155 160 

Ala Trp lie Ser Lya Gin Glu Tyr Aep Glu Ala Gly Leu Pro Leu Ser 
165 170 175 

Thr Ala Aan Ala Ser Lya 
180 



<210> SEQ ID NO 22 

<211> LENGTH! 179 

<212> TYPE: FRT 

<213> ORGANISM: Homo eapiens 

<220> FEATURE: 

<221> NAME/KEY: VARIANT 

<222> LOCATION: (1 )...(!) 

<223> OTHER INFORMATION: Xaa - Unknown or other at poeition 1 
<221> NAME /KEY: VARIANT 
<222> LOCATION: (11). ..(11) 

<223> OTHER INFORMATION: Xaa - Unknown or other at poeition 11 
<221> NAME/KEY: VARIANT 
<222> LOCATIONx (19)... (19) 

<223> OTHER INFORMATION i Xaa « Unknown or other at poeition 19 
<221> NAME/KEY: VARIANT 
<222> LOCATION: ( 139 ) . . . ( 139 ) 

<223> OTHER INFORMATION: Xaa - Unknown or other at poeition 139 
<221> NAME /KEY: VARIANT 
<222> LOCATION: ( 163 ) . . . ( 163 ) 

<223> OTHER INFORMATION: Xaa - Unknown or other at poeition 163 
<221> NAME/KEY I VARIANT 
<222> LOCATIQNt ( 172) . . . < 172) 

<223> OTHER INFORMATION: Xaa - Unknown or other at poeition 172 
<400> SEQUENCES 22 

Xaa Leu Asp Leu Fro Thr Aen Met Met Glu Xaa Arg Lye Ala Ala Ala 
1 5 10 IS 

Glu Leu Xaa Ala Ala Glu Thr Ala Ala Gin Gly Pro Thr Pro Arg Tyr 
20 25 30 

Fhe Thr Trp Asp Glu Val Ala Gin Arg Ser Gly Cys Glu Glu Arg Trp 
35 40 45 

Leu Val lie Asp Arg Lys Val Tyr Asn lie Ser Glu Phe Thr Arg Arg 
50 55 60 

His Pro Gly Gly Ser Arg Val lie Ser Hie Tyr Ala Gly Gin Asp Ala 
65 70 75 80 

Thr Asp Pro Phe Val Ala Phe His He Aen Lys Gly Leu Val Lys Lys 
85 90 95 

Tyr Met Asn Ser Leu Leu He Gly Glu Leu Ser Pro Glu Gin Pro Ser 
100 105 110 

Phe Glu Fro Thr Lye Aen Lye Glu Leu Thr Asp Glu Phe Arg Glu Leu 
115 120 125 

Arg Ala Thr Val Glu Gin Arg Fhe Pro Val Xaa Phe Leu Thr Cye Thr 
130 135 140 

Gly Ala Hie Gly Phe Phe Ser Leu Glu Val Fro Gly Leu Fro Asp Ser 
145 150 155 160 

Asn Lys Xaa Fhe Ser Trp Thr Ser Arg Pro He Xaa Trp Asn Lys Gly 
165 170 175 



Lys Arg Pro 



73 
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<210> SEQ ID NO 23 

<211> LENGTH: 133 

<212> TYPES FRT 

<213> ORGANISMi Homo eapiens 

<400> SEQUENCE: 23 

Ala Glu Gin Ser Asp Glu Ala Val Lye Tyr Tyr Thr Leu Glu Glu He 
1 5 . 10 15 

Gin Lye Hie Aen Hie Ser Lye Ser Tbr Trp Leu He Leu Hie Hie Lye 
20 25 30 

Val Tyr Aep Leu Thr Lye Phe Leu Glu Glu Hie Pro Gly Gly Glu Glu 
35 40 45 

Val Leu Arg Glu Gin Ala Gly Gly Asp Ala Thr Glu Aen Phe Glu Aep 

50 55 60. 

Val Gly Hie Ser Thr Asp Ala Arg Glu Met Ser Lye Thr Phe He He 
65 70 75 80 

Gly Glu Leu Hie Pro Aep Aep Arg Pro Lya Leu Aen Lye Pro Pro Glu 
85 90 95 

Thr Leu He Thr Thr He Aep Ser Ser Ser Ser Trp Trp Thr Aen Trp 
100 105 HO 

Val He Pro Ala He Ser Ala Val Ala Val Ala Leu Met Tyr Arg Leu 
115 120 125 

Tyr Met Ala Glu Aep 
130 



<210> SEQ ID NO 24 

<211> LENGTH: 300 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiene 

<400> SEQUENCE: 24 

cccgaccaat atgatggaat aaaggaaagc ggccgctgaa ttataggccg ccgagaccgc 60 

ggctcaggga cctaccccgc gttacttcac atgggacgag gtggcccagc gctcagggtg 120 

cgaggagcgg tggcttgtga tcgaccgtaa ggtgtacaac atcagcgagt tcacccgccg 180 

gcatccaggg ggotcccggg tcatcagcca ctacgccggg caggatgcca cgga^ccctt 240 

cgtggccttc cacatcaaea agggccttgt gaagaagtat atgaactctc tcctgattgg 300 

<210> SEQ ID NO 25 

<211> LENGTH: 300 

<212> TYPE: DNA 

<213> ORGANISM: Homo eapiene 

<400> SEQUENCE: 25 

cccggcgcgc ggcgtcgcea ggccagctat ggcccccgac ccggtggccg ccgagaccgc 60 

ggctcaggga cctaccccgc gctacttcac ctgggacgag gtggcccagc gctcagggtg 120 

cgaggagcgg tggctagtga tcgaccgtaa ggtgtacaac atcagcgagt tcacccgccg 180 

gcatccaggg ggctcccggg tcatcagcca ctacgccggg caggatgcca cggtgagcgc 240 

agccaggcgg gggcacagga gagggcggga ccggaggctg agtgcagggg agacagagtt 300 



<210> SEQ ID NO 26 

<211> LENGTH: 360 

<212> TYPE: DNA 

<213> ORGANISM: Homo eapiene 



<400> SEQUENCE: 26 
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aatacgactc actatagggc tcgagcggcc gcccgggcag gtccggacct gccaacgtga 



60 



atcttatcgc catggacctt accttgcaca acccaaagta gctgccttgg ggcagggggt 120 

ggccagagtg cttagggaaa tgtggagccc tacccagaac aacggtggag ggaaagggaa 180 

gaaacgcaga egtgccccag ttcggacgta gggaagtctt cctcttcgtg gtttttggag 240 

aaccctagct aagogaggaa agggacttat tgaaagaccc gcaagaaggg acggaagtct 300 

catagccctg agoggatccc tttgtggcct tccacatcaa caagggcctt gtgaagaagt 360 

<210> SEQ ID NO 27 

<211> LENGTH! 419 

<212> TYPE: DNA 

<213> ORGANISMS Homo sapiens 

<400> SEQUENCE I 27 

ccccgcccca cacgccgcat cacttacagg gcccggggct gccggacctg ccaacgtgaa 60 

tcttatcgcc atggacctta ccttgcacaa cccaaagtag ctgccttggg gcagggggtg 120 

gccagagtgc ttagggaaat gtggagccct acccagaaca acggtggagg gaaagggaag 180 

aaacgcagaa gtgccccagt tcggacgtag ggaagtcttc ctcttcgtgg tttttggaga 240 

accctagcta agagaggaaa gggacttatt gaaagacccg caagaaggga cggaagtcta 300 

accctagcta agagaggaaa gggacttatt gaaagacccg caagaaggga cggaagtctc 360 

atagccctga gaggtgaagc cagctggagt tgatgggteg aatggggacc tagagaact 419 

<210> SEQ ID NO 28 

<211> LENGTHS 240 

<212> TYPES DNA 

<213> ORGANISMS Homo sapiens 

<400> SEQUENCES 28 

tatagggctc gagcggccgc ccgggcaggt gcccggaggc gcctgatcat acctgttgce 60 

cggtgattgg gtgtcctgcg gatgcgggat gaaaaggcgg gagagaggcc tggaaaagtg 120 

gagtctgggg agtggggatg gaggccaaca acacgcacac acaaacaaag ggtcccgcct 180 

ccctgccgtg cattccatct gcagccccga gcctcaggat ccctttgtgg ccttccacat 240 

<210> SEQ ID NO 29 

<211> LENGTH: 239 

<212> TYPE: DNA 

<213> ORGANISMS Homo sapiens 

<400> SEQUENCES 29 

cgegccaaac accgactaat tcggaggaaa gcccggaggc gcctgatcat acctgttgce 60 

cggtgattgg gtgtcctgcg gatgcgggat gaaaaggcgg gagagaggcc tggagaagtg 120 

gagtctgggg agtggggatg gaggccaaca acacgcacac acaaacaaag ggtcccgcct 180 

ccctgccgtg cattccatct gcagccccga gcctcaggtc tctgggcggg gacagaace 239 

<210> SEQ ID NO 30 

<211> LENGTH: 300 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 30 

cgagcggccg cccgggcagg tctagaattc agcggccgct gaagccgcgt ctggacctag 60 



gtgccggtct ccactcgcca gcaggagcgg agagggagca ggaaaggagc ccattctcga 



ggatggggct gaaacgggaa gcttggggag accgctgcct tggggacccc tgcgtcgtgt 



120 
180 
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goagactgga ggccgcggaa gggacagcgc tggccgggga gggcaagcgg ccgctggcga 240 
tccctttgtg gccttccaca tcaacaaggg ccttgtgaag aagtatatga actctctcct 300 

<210> SEQ ID NO 31 

<211> LENGTH! 299 

<212> TYPE I DNA 

<213> ORGANISNt Hamo. sapiens 

<400> SEQUENCES 31 

agggagtcac atcctgtctc gatggctagg agaggcagcg cagccgcgtc tggacctagg 60 

tgccggtctc cactcgccag caggagcgga gagggagcag gaaaggagcc cattctcgag 120 

gatggggctg aaacgggaag cttggggaga ccgctgcett ggggacecct gcgtcgtgtg 180 

aagactggag gaegcggaag ggacagcgct ggccggggag ggcaagcggc cgctggcgta 240 

cataagggat tgggaatggc atacacttag cgaggacccc cagagctgtt ctcgaateg 299 

<210> SEQ ID NO 32 

<211> LENGTH: 266 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE I 32 

ttattccctt atttgtccct gcccatgtcc tgctgattgg tccattttac ctctagctag 60 

ctaaagagca cggattggtg cattttgcaa aectctgget acagaggggt tctccaggtc 120 

tgcactcgac ccaggaagtc catctggctt cacctctcac ttcaacttgg gtacagcctt 180 

ctggcgggca ggaagatggc ctttggtgcg aacactgccg gagtccaggg ggctggctcc 240 

ctcacctttc atcttctccc ggcacttgca ggatcccttt gtggcc 286 

<210> SEQ ID NO 33 

<211> LENGTH: 2B6 

<212> TYPES DNA 

<213> ORGANISMS Homo sapiens 

<400> SEQUENCES 33 

atagagcact gattggtcca ttttacaggg tgctgattgg tccattttac ctctagctag 60 

ctaaagagca cggattggtg cattttacaa acctctagct acagaaaagt tctccaagtc 120 

tgcactcgac ccaggaagtc catctggctt cacctctcac ttcaacttgg gtacagcctt 180 

ctggcgggca ggaggatggc ctttggtgcg aacactgccg gagtccaggg ggctggctcc 240 

ctcacctttc atcttctccc ggcacttgca ggatcccttt gtggcc 286 

<210> SEQ ID NO 34 

<211> LENGTH: 4698 

<212> TYPE: DNA 

<213> ORGANISM: Homo eapiens 

<400> SEQUENCE: 34 

actagaaccg ctgttcctac cgcggcgccc cctgggagcc aacgccgcga tgcccgcctg 60 

acgtcaggaa gtcgaatccg gcggcgacgc ttttagggag cccgcgaggg ggcgcgtgtt 120 

ggcagcccag ctgtgagttg cccaagaccc accgggggae gggatctcgc tccccgcgec 180 

acgaggctcg gccaatggga acgcgcgctg cgaggcccgc cggtctgccc tgcggtgctg 240 

aaaacccggc gcgcaggcgg ctggctctgg gcgcgcgcca gcaaatccac tcctggagcc 300 

cgcggacccc gagcacgcgc ctgacagccc ctgctggccc ggcgcgcggc gtcgccaggc 360 
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cagctatggc ccccgacccg gtggccgccg agaccgcggc tcegggacct accccgcgct 420 

acttcacctg ggacgaggtg gcccagcgct cagggtgega ggagcggtgg ctagtgateg 480 

accgtaaggt gtacaacatc agcgagttca cccgccggca tccaggggge tcccgggtea 540 

tcagccacta cgccgggcag gatgccacgg tgagcgcagc caggcggggg cecaggagag 600 

ggcgggaccg gaggctgagt gcaggggaga cagagttacg cactccgagc caaacaccga 660 

ctaattcgga ggaaagcccg gaggcgcctg atcatacctg ttgcccggtg attgggtgtc 720 

ctgcggatgc gggatgaaaa ggcgggagag aggcctggag aagtggagtc tggggagtgg 780 

ggatggaggc caacaacacg cacacacaea caaagggtcc cgcctccctg ccgtgcatte 840 

cetctgcagc cccgagcctc aggtctctgg gcggggacag aacccegage tgggtaggct 900 

aggagggagg agagcaagga tgcaggccgc ctggggaggg agggggtcag tggccagggg 960 

agggagtcac atcctgtctc gatggctagg agaggcagcg cagccgcgtc tggacctagg 1020 

tgccggtctc cactcgccag caggagcgga gagggagcag gaaaggagcc cattctcgag 1080 

gatggggctg aaacgggaag cttggggaga ccgctgcctt ggggacccct gcgtcgtgtg 1140 

aagactggag gacgcggaag ggacagcgct ggccggggag ggcaagcggc cgctggcgta 1200 

cataagggat tgggaatggc atacacttag cgaggacccc cagagctgtt ctcgaatcge 1260 

ggggaggccc tgagccgcag gccagcgagg tcttcagcta ttccgcggag cggaccgctg 1320 

tttacgctct ggggcggtag gcccttcgcg gggtcctgtc ccttcttccc ttggtctcae 1380 

tgcggggtcg gcgcgcgccc cagccccagg cctgctgctt ccctttctag accacagccc 1440 

tcagagctaa ggccccggcg cctctctgct gggttggagt cctggggact cagtcetagg 1500 

gactcgaaag tcggggcgtt cccttcaccg cgtttccccc ttggcggcca gaatggcgtc 1560 

ccctcccctt gcatccccct ctgatcccgt gccctgcagc gtgatgccct ccactgtccc 1620 

tatccactac cctggcgtcc cagagtgtgc cgcgggtcac caggttccca taaegtegca 1680 

gcagagctta gacgctgcgg ggcgaagace cgccccaccc tctgacgcga ccagcetagt 1740 

gggcgaggcc agagcrttgcg cgggtcaacc agagtgacca ctcgggagcc ctgactgcgg 1800 

ccaagggcgc aggcgtgtcc cggcgcatgc gcagacgaaa caggcaccaa cgctggagct 1860 

tcccgcagtg tgatttgggg ccggggatgc cgcggcgggg acggcgattg gtccgtatgt 1920 

gtggtgccac cggccgccgc tccgccccgg cccccgcccc acacgccgca tcacttacag 1980 

ggcccggggc tgccggacct gccaacgtga atcttatcgc catggacctt accttgcaca 2040 

acccaaagta gctgccttgg ggcagggggt ggccagagtg cttagggaaa tgtggagccc 2100 

tacccagaac aacggtggag ggaaagggaa gaaacgcaga agtgccccag ttcggacgta 2160 

gggaagtctt cctcttcgtg gtttttggag aaccctagct aagagaggaa agggacttat 2220 

tgaaagaccc gcaagaaggg acggaagtct catagccctg agaggtgaag ccagctggag 2280 

ttgatgggtc gaatggggac ctagagaact tttctgta-tc tagaggtttg taaaatgcae 2340 

caatcagtgc tctgtaaaaa cgcaccaatt ggcgctctgt agctagetag aggtttgtaa 2400 

aatgagccae tcagcaggac gtgggcaggg acaactaaga caataaaagc tggccaccce 2460 

agccagctgc tgcaacccgc tccagttccc ttacaggc-tg tggaagcatt gttcttttgc 2520 

tcgtcacact aaaccttgct gc^gctcatt ctttgggtct gcaaagagtg ttattccttt 2580 

aagagctata acagcgggaa ggtccacggc tccattcttg aagtcagtga gaccataccc 2640 

gccggaagga accaacgccc gacacagccc cacccatctc tcctgtttct cacctatact 2700 

gaaattcttg ggcaaaagct gtctgtggac acacccaggg gaaaggccag cccaggcagg 2760 
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t^tttcttag tggttcccct cagccaatgc ttcccattcc ttgatgcatc cttctaacta 2820 



ggcctagggo gatggcctgt gcttctgtgt caggagttgg ttccttcagg tgggcttgtg 2940 

gtctcgctga cgtcaagaat gaagccatga- accttcgcgg tgagtgttac agctcttaca 3000 

ggtggcgtgg acccaaagag tgagcagcag caagatttat tgtgaagage aaagaacaaa 3060 

gcttccacag cgtggaaggg tacccgagca ggttgccgct gctggacgtt ggggggtgtg 3120 

egggggagca gccttttttt ttcttttttt tttgagacgg agtctccctg tcgcccaggc 3160 

tggagtgcag tggcgcgatc tcggctcact gcaggctccg cccccccccc ggggttcocg 3240 

ccattctcct gcctcagcct cccgagtagc tgggactaca ggcgcccgct acctcgcccg 3300 

gctaattttt tgtattttta gtagagacgg ggtttcactg tgttagccag gatggtctcg 3360 

atctcctgac ctcgtgatcc acccgccttg gcctcccaaa gtgctgggat tacaggcgtg 3420 

agccaccgcg cccggccggg agcagctttt attcccttat ttgtccctgc ccatgtcctg 3480 

ctgatttgtc cattttatag agcactgatt ggtccatttt acagggtgct gattggtcca 3540 

ttttacctct agctagctaa agagcacgga ttggtgcatt ttacaaacct ctagctacag 3600 

aaaagttctc caagtctgca ctcgacccag gaagtccatc tggcttcacc tctcacttca 3660 

acttgggtac agccttctgg cgggcaggag gatggccttt ggtgcgaaca ctgccggagt 3720 

ccagggggct ggctccctca cctttcatct tctcccggca cttgcaggat ccctttgtgg 3780 

ccttccacat caacaagggc cttgtgaaga agtatatgaa ctctctcctg attggagaac 3840 

tgtctccaga gcagcccagc tttgagccca ccaagaatgt aagaccctgt gtttgctatg 3900 

tcgcaactat tggttgttga gggggacaga gagggggtgg aaggagagte tagatggaat 3960 

cacagtcata gtaatcacag tcagtagtag ctctggggag tcttgaggtc cctgcttctc 4020 

ttgcatagtc atgaggtcac aggcccaagg gagcatggct ttgcaacct.a tggctccccc 4080 

aaggctgcca ctaccatggc tgccatcatt gttatcatca ttgttatcat atgagcactt 4140 

actatgcacc aagcataaac tcataactct tacacattta cagatgagat aacaggctca 4200 

gggaggttaa gcaacacagc caaggatcac acagttagta aatggcagag caaggactta 4260 

gtcccctgaa ctcttaggca ctatcccatg gcacctcctc ctgtcatcct cattgtcgtg 4320 

gtatctttgc ctaggactgt ggacttccca cagctacc-fcc agtgggaggt ccttgagcct 4380 

gagagggccc ttgtctccag tagcattggg gtgcagatga gaagaataac agctccrtctt 4440 

cctcttctgc agaaagagct gacagatgag ttccgggagc tgcgggccac agtggagcgg 4500 

atggggctca tgaaggccaa ccatgtcttc ttcctgctgt acctgctgca catcttgctg 4560 

ctggatggtg cagcctggct caccctttgg gtctttggga egtccttttt gcecttccte 4620 

ctctgtgcgg tgctgctcag tgcagttcag gtgagagcet ttggcttgtc aagtgcacag 4680 

caatgctcag eatccctg 4698 

<210> SEQ ID NO 35 

<211> LENGTHS 990 

<212> TYPES DNA 

<213> ORGANISM t HcxDO aapiens 

<400> SEQUENCES 35 

atggcccccg acccggtggc cgccgagacc gcggctcagg gacctacecc gcgctacttc 60 

acctgggacg aggtggccca gcgctcaggg tgcgaggagc ggtggctagt gatcgaccgt 120 



gagcagatgc tcggtgatct taaactgtgg acacctggga gcaccctcaa aaggcagctg 



2880 
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aeggtgtaca acatcagcga gttcacccgc cggcatccag ggggctcccg ggtcateagc 180 

cactacgccg ggcaggatgc cacggatccc tttgtggcct tecaeatcaa caagggcett 240 

gtgaagaagt atatgaactc tctcctgatt ggagaactgt ctccagagca gcccagcttt 300 

gagcccacca agaataaaga gctgacagat gagttccggg agctgcgggc cacagtggag 360 

cggatggggc tcatgaaggc caaccatgtc ttcttcctgc tgtacctgct gcacatcttg 420 

ctgctggatg gtgcagcctg gctcaccctt tgggtctttg ggacgtcctt tttgcccttc 480 

ctcctctgtg cggtgctgct cagtgcagtt caggcccagg ctggctggct gcagcatgac 540 

tttgggcacc tgtcggtctt cagcacctca aagtggaacc atctgctaca tcattttgtg 600 

attggccacc tgaagggggc ccccgccagt tggtggaacc acatgcactt ccagcaccat 660 

gccaagccca actgcttccg caaagaccca gacatcaaca tgcatccctt cttctttgcc 720 

ttggggaaga tcctctctgt ggagcttggg aaacagaaga aaaaatatat gccgtacaac 780 

caccagcaca aatacttctt cctaattggg cccccagcct tgctgcctct ctacttccag 840 

tggtatattt tctattttgt tatccagcga cccccagcct tgctgcctct ctacttccag 900 

tggtatattt tctattttgt tatccagcga aagaagtggg tggacttggc ctggatgatt 960 

accttctacg tccgcttctt cetcacttat 990 ■ 

- <210>~SEQ ZD NO 36 
<2U> LENGTH: 960 
<212> TYPE: DMA 
<213> ORGANISM: Homo aapiena 

<400> SEQUENCE I 36 

ggcccggcgc gcggcgtcgc caggccagct atggcccccg acccggtggc cgccgagacc 60 

gcggctcagg gacctacccc gcgctacttc acctgggacg aggtggccca gcgctcaggg 120 

tgcgaggagc ggtggctagt gatcgaccgt aaggtgtaca acatcagcga gttcacccgc 180 

cggcatccag ggggctcccg ggtcateagc cactacgccg ggcaggatgc cacggatccc 240 

tttgtggcct tecaeatcaa caagggcctt gtgaagaagt atatgaactc tctcctgatt 300 

ggagaactgt ctccagagca gcccagcttt gagcccacca agaataaaga gctgacagat 360 

gagttccggg agctgcgggc cacagtggag cggatggggc tcatgaaggc caaccatgtc 420 

ttcttcctgc tgtacctgct gcacatcttg ctgctggatg gtgcagcctg gctcaccctt 480 

tgggtctttg ggacgtcctt tttgcccttc ctcctctgtg cggtgctgct cagtgcagtt 540 

caggcccagg ctggctggct gcagcatgac tttgggcacc tgtcggtctt cagcacctca 600 

aagtggaacc atctgctaca tcattttgtg attggccacc tgaagggggc ccccgccagt 660 

tggtggaacc acatgcactt ccagcaccat gccaagccca actgcttccg caaagaccca 720 

gacatcaaca tgcatccctt cttctttgcc ttggggaaga tcctctctgt ggagcttggg 780 

aaacagaaga aaaaatatat gccgtacaac caccagcaca aatacttctt cctaattggg 840 

cccccagcct tgctgcctct ctacttccag tggtatattt tctattttgt tatccagcga 900 

aagaagtggg tggacttggc ctggatcagc aaacaggaat acgatgaagc cgggctteea 960 

<210> SEQ ID NO 37 

<211> LENGTH: 473 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiene 

<400> SEQUENCE 2 37 



tccagcgaaa gaagtgggtg gacttggcct ggatgattac ettctacgtc cgcttcttcc 



60 
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tcacttatgt gccactottg gggctgaaag ccttcctggg ccttttctte atagtcaggt 120 

tcctggaaag caactggttt gtgtgggtga cacagatgaa ccatattccc atgcacattg 180 

atcatgaccg gaacatggac tgggtttcca cccagctect ggccacatgc aatgtccaca 240 

agtctgcctt caatgactgg ttcagtggac acctcaactt ccagattgag caccatcttt 300 

ttcccacgat gcctcgacac aattaccaca aagtggctcc cctggtgcag tccttgtgtg 360 

ccaagcgtgg catagagtac cagtccaagc ccctgctgtc agccttcgcc gacatcatcc 420 

actcactaaa ggagtcaggg cagctctggc tagatgccta tcttcaccaa taa 473 

<210> SEQ ID NO 38 

<211> LENGTH t 449 

<212> TYPE! DNA 

<213> ORGAMISHt Homo aapiena 

<220> FEATURE: 

<221> NAME/KEY: miac^f eature 
<222> LOCATION: (S)...(5) 

<223> OTHER INFORMATION: k - g or t/u at poeition 5 
<221> NAME /KEY J mie Cofeature 
<222> LOCATIOHi (6)... (6) 

<223> OTHER INFORMATION t m » a or c at position 6 
<400> SEQUENCE: 38 

gaatkmttac cttctacgtc cgcttcttcc tcacttatgt gccactattg gggctgaaag 60 
cttcctgggc cttttcttca tagtcaggtt cctggaaagc aactggtttg tgtgggtgac 120 
acagatgaac catattccca tgcacattga tcatgaccgg aacatggaet gggtttccae 180 
ccagctccag gccacatgca atgtccacaa gtctgccttc aatgactggt tcagtggaca 240 
cctcaacttc cagattgagc accatctttt tcccacgatg cctcgacaca attaccacaa 300 
agtggctccc ctggtgcagt ccttgtgtgc caagcatggc atagagtacc agtccaagcc 360 
cctgctgtca gccttcgccg acatcatcca ctcactaaag gagtcagggc agctctgget 420 
agatgcctat cttcaccaat aacaacagc 449 

<210> SEQ ID NO 39 

<211> LENGTH: 445 

<212> TYPE: FRT 

<213> ORGANISM: Homo sapiens 

<220> FEATURE! 

<221> NAME/KEY: VARIANT 

<222> LOCATION: ( 445 ) . . . ( 445 ) 

<223> OTHER INFORMATION: Xaa - Unknown or other at position 445 
<400> SEQUENCE: 39 

Met Ala Pro Asp Pro Val Ala Ala Glu Thr Ala Ala Gin Gly Pro Thr 
15 10 15 

Pro Arg Tyr Phe Thr Trp Asp Glu Val Ala Gin Arg Ser Gly Cys Glu 
20 25 30 

Glu Arg Trp Leu Val He Asp Arg Lys Val Tyr Asn He Ser Glu Phe 
35 40 45 

Thr Arg Arg His Pro Gly Gly Ser Arg Val He Ser His Tyr Ala Gly 
50 55 60 

Gin Asp Ala Thr Asp Fro Phe Val Ala Phe His He Asn Lys Gly Leu 
65 70 75 80 

Val Lys Lys Tyr Met Asn Ser Leu Leu He Gly Glu Leu Ser Pro Glu 
85 90 95 

Gin Fro Ser Phe Glu Pro Thr Lys Asn Lye Glu Leu Thr Asp Glu Phe 
100 105 110 
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Arg Glu Leu Arg Ala Thr Val Glu Arg Met 61y Leu Met Lye Ala Asn 
115 120 125 

Kia Val Phe Phe Leu Leu Tyr Leu Leu Hie He Leu Leu Leu Asp 6ly 
130 135 140 

Ala Ala Trp Leu Thr Leu Trp Val Phe Gly Thr 6er Phe Leu Pro Phe 
145 150 155 160 

Leu Leu Cye Ala Val Leu Leu Ser Ala Val Gin Ala Gin Ala Gly Trp 
165 170 175 

Leu Gin Hie Asp Phe Gly Hia Leu Ser Val Phe Sar Thr Ser Lya Trp 
180 185 190 

Asn His Leu Leu Hie His Phe Val He Gly Hie Leu Lye Gly Ala Pro 

195 200 205 

Ala Ser Trp Trp Asn His Met Hia Phe Gin Hie Hie Ala Lye Pro Aan 
. 210 215 220 

Cye Phe Arg Lya Aep Pro Aap He Asn Met Hia Pro Phe Phe Phe Ala 
225 230 235 240 

Leu Gly Lye He Leu Ser Val Glu Leu Gly Lya Gin Lye Lye Lye Tyr 
245 250 255 

Met Fro Tyr Asn Bis Gin His Lye Tyr Phe Phe Leu He Gly Pro Pro 
260 265 270 

Ala Leu Leu Fro Leu Tyr Phe Gin Trp Tyr He Phe Tyr Phe Val He 
275 280 285 

Gin Arg Lye Lye Trp Val Asp Leu Ala Trp Met He Thr Phe Tyr Val 
290 295 300 

Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lye Ala Phe Leu 
305 310 315 320 

Gly Leu Phe Phe He Val Arg Phe Leu Glu Ser Asn Trp Phe Val Trp 
325 330 335 

Val Thr Gin Met Asn His He Fro Met His He Asp His Asp Arg Aan 
340 345 350 

Met Asp Trp Val Ser Thr Gin Leu Leu Ala Thr Cye Asn Val Hie Lye 
355 360 365 

Ser Ala Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe Gin He Glu 
370 375 380 

His His Leu Phe Fro Thr Met Fro Arg His Asn Tyr His Lys Val Ala 
385 390 395 400 

Fro Leu Val Gin Ser Leu Cye Ala Lye Arg Gly He Glu Tyr Gin Ser 
405 410 415 

Lys Fro Leu Leu Ser Ale Phe Ala Asp He He His Ser Leu Lys Glu 
420 425 430 

Ser Gly Gin Leu Trp Leu Asp Ala Tyr Leu Hie Gin Xaa 
435 440 445 



<210> SEQ ID NO 40 

<211> LENGTH: 465 

<212> TYPEi PRT 

<213> ORGAKISHs Hcmo sapiens 

<220> FEATURE: 

<221> NAME /KEY: VARIANT 

<222> LOCATION: (432) . . . (432) 

<223> OTHER INFORMATION: Xaa - Unknown or other at position 432 
<221> NAME/KEY t VARIANT 
<222> LOCATION I ( 458) . . . (458) 

<223> OTHER INFORMATION I Xaa - Unknown or other at position 458 
<400> SEQUENCE t 40 



Gin Gly Pro Thr Pro Arg Tyr Phe Thr Trp Aep Glu Val Ala Gin Arg 
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Ser 6ly Cys Glu 6lu Arg Trp Leu Val He Asp Arg Lye Val Tyr Aen 
20 25 30 

He Ser Glu Fhe Thr Arg Arg Hie Pro 6ly Gly Ser Arg Val lie Ser 

35 40 45 

Hie Tyr Ala Gly Gin Asp Ala Thr Asp Pro Phe Val Ala Phe His He 
50 .55 60 

Asn Lye Gly Leu Val Lye Lya Tyr Met Aan Ser Leu Leu He Gly Glu 
65 70 75 80 

Leu Ser Pro Glu Gin Fro Ser Phe Glu Pro Thr Lys Aen Lys Glu Leu 
85 90 95 

Thr Asp Glu Fhe Arg Glu Leu Arg Ala Thr Val Glu Arg Net Gly Leu 
100 105 110 

Net Lys Ala Asn His Val Phe Phe Leu Leu Tyr Leu Leu His He Leu 
115 120 125 

Leu Leu Asp Gly Ala Ala Trp Leu Thr Leu Trp Val Phe Gly Thr Ser 
130 135 140 

Phe Leu Pro Fhe Leu Leu Cys Ala Val Leu Leu Ser Ala Val Gin Ala 
145 .150 155 160 

Gin Ala Gly Trp Leu Gin His Asp Tyr Gly His Leu Ser Val Tyr Arg 
165 170 175 

Lys Pro Lys Trp Asn His Leu Val His Lys Fhe Val He Gly Hie Leu 
180 185 190 

Lys Gly Ala Ser Ala Asn Trp Trp Asn His Arg His Fhe Gin His Hie 
195 200 205 

Ala Lya Pro Asn He Fhe Hie Lys Asp Pro Asp Val Aan Met Leu Bis 
210 215 220 

Val Phe Val Leu Gly Glu Trp Gin Pro He Glu Tyr Gly Lys Lys Lys 
225 230 235 240 

Leu Lys Tyr Leu Pro Tyr Aen His Gin His Glu Tyr Phe Phe Leu He 
245 250 255 

Gly Fro Fro Leu Leu He Fro Met Tyr Phe Gin Tyr Gin He He Met 
260 265 270 

Thr Met He Val His Lys Asn Trp Val Asp Leu Ala Trp Ala Val Ser 
275 280 285 

Tyr Tyr He Arg Phe Phe He Thr Tyr He Pro Phe Tyr Gly He Leu 
290 295 300 

Gly Ala Leu Leu Phe Leu Asn Phe He Arg Phe Leu Glu Ser His Trp 
305 310 315 320 

Phe Val Trp Val Thr Gin Met Asn His He Val Net Glu He Asp Gin 
325 330 335 

Glu Ala Tyr Arg Asp Trp Fhe Ser Ser Gin Leu Thr Ala Thr Cys Asn 
340 345 350 

Val Glu Gin Ser Fhe Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe 
355 360 365 

Gin He Glu His Hie Leu Fhe Fro Thr Met Fro Arg Hie Asn Leu His 
370 375 380 

Lys He Ala Fro Leu Val Lya Ser Leu Cys Ala Lya His Gly He Glu 
385 390 395 400 

Tyr Gin Glu Lys Pro Leu Leu Arg Ala Leu Leu Asp He He Arg Ser 
405 410 415 



Leu Lys Lys Ser Gly Lys Leu Trp Leu Asp Ala Tyr Leu His Lys Xaa 
420 425 430 
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Ser His Ser Pro Arg Asp Thr Val Gly Lye 6ly Cye Arg Trp Gly Asp 
435 440 445 

Gly Gin Arg Asn Asp Gly Leu Leu Fhe Xaa Gly Val Ser Glu Arg Leu 
450 455 460 

Val 
465 



<210> SEQ ID NO 41 
<211> LENGTHS 360 
<212> TYPE I PRT 
' <213> ORGAHISHi Homo sapiens 

<400> SEQUENCES 41 

Het Ala Pro Asp Pro Val Ala Ala Glu Thr Ala Ala Gin Gly Pro Thr 
1 5 10 15 

Pro Arg Tyr Phe Thr Trp Asp Glu Val Ala Gin Arg Ser Gly Cys Glu 
20 25 30 

Glu Arg Trp Leu Val He Asp Arg Lys Val Tyr Asn He Ser Glu I^e 
35 40 45 

Thr Arg Arg His Pro Gly Gly Ser Arg Val He Ser His Tyr Ala Gly 
50 55 60 

Gin Asp Ala Thr Asp Pro Phe Val Ala Phe His He Asn Lys Gly Leu 
65 70 75 80 

Val Lys Lys Tyr Met Asn Ser Leu Leu He Gly Glu Leu Ser Pro Glu 
85 90 95 

Gin Pro Ser Phe Glu Pro Thr Lye Asn Lys Glu Leu Thr Asp Glu Phe 
100 105 110 

Arg Glu Leu Arg Ala Thr Val Glu Arg Met Gly Leu Met Lys Ala Asn 
115 120 125 

His Val Phe Phe Leu Leu Tyr Leu Leu His He Leu Leu Leu Asp Gly 
130 135 140 

Ala Ala Trp Leu Thr Leu Trp Val Phe Gly Thr Ser Phe Leu Pro Phe 
145 150 155 160 

Leu Leu Cys Ala Val Leu Leu Ser Ala Val Gin Ala Gin Ala Gly Trp 
165 170 175 

Leu Gin His Asp Phe Gly His Leu Ser Val Phe Ser Thr Ser Lys Trp 
180 185 190 

Asn His Leu Leu His His Phe Val He Gly His Leu Lys Gly Ala Pro 
195 200 205 

Ala Ser Trp Trp Asn His Met His Phe Gin Hie His Ala Lys Pro Asn 

210 215 220 

Cys Fhe Arg Lys Asp Pro Asp He Asn Met His Pro Phe Phe Phe Ala 
225 230 235 240 

Leu Gly Lys He Leu Ser Val Glu Leu Gly Lya Gin Lys Lys Lys Tyr 
245 250 255 

Met Pro Tyr Asn His Gin His Lys Tyr Phe Phe Leu He Gly Pro Pro 
260 265 270 

Ala Leu Leu Pro Leu Tyr Phe Gin Trp Tyr He Phe Tyr Fhe Val He 
275 280 285 

Gin Arg Lys Lys Trp Val Asp Leu Ala Trp Met He Thr Phe Tyr Val 
290 295 300 

Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lys Ala Phe Leu 
305 310 315 320 

Gly Leu Phe Phe He Val Arg Phe Leu Glu Ser Asn Trp Phe Val Trp 
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325 330 335 

Val Thr 6ln Net Aen Hie lie Fro Het His lie Asp Hia Asp Arg Asn 
340 345 350 

Het Asp Trp Val Ser Thr Gin Leu 
355 360 



<210> SEQ ID NO 42 

<211> LENGTHS 347 

<212> TYPE? PRT 

<213> ORGANISMS Homa sapiens 

<220> FEATURE I 

<22I> HRME/KEYt VARIANT 

<222> LOCATIONS (251) . . . (251) 

<223> OTHER INFORMATICSN t Xaa - Un]uio%m or other at position 251 
<221> NAME/X£Tt VARIANT 
<222> LOCATIONS (329) . . . (330) 

<223> OTHER INFORMATIONS Xaa - Un)(nown or other at these positions 
<400> SEQUENCES 42 

Gin Gly Pro Thr Pro Arg Tyr Phe Thr Trp Asp Glu Val Ala Gin Arg 
15 10 15 

Ser Gly Cys Glu Glu Arg Trp Leu Val He Asp Arg Lys Val Tyr Asn 
20 25 30 

He Ser Glu Phe Thr Arg Arg His Fro Gly Gly Ser Arg Val He Ser 
35 40 45 

His Tyr Ala Gly Gin Asp Ala Thr Asp Pro Phe Val Ala Fhe His He 
SO 55 60 

Asn Lys Gly Leu Val Lys Lys Tyr Met Asn Ser Leu Leu He Gly Glu 
65 70 75 80 

Leu Ser Fro Glu Gin Pre Ser Phe Glu Pro Thr Lys Asn Lys Glu I^eu 
85 90 95 

Thr Asp Glu Phe Arg Glu Leu Arg Ala Thr Val Glu Arg Het Gly Leu 
100 105 110 

Met Lys Ala Asn His Val Phe Fhe Leu Leu Tyr Leu Leu His He Leu 
115 120 125 

Leu Leu Asp Gly Ala Ala Trp Leu Thr Leu Trp Val Phe Gly Thr Ser 
130 135 140 

Phe Leu Pro Phe Leu Leu Cys Ala Val Leu Leu Ser Ala Val Gin Ala 
145 150 155 160 

Gin Ala Gly Trp Leu Gin His Asp Gly His Leu Ser Val Phe Ser Thr 
165 170 175 

Ser Lys Trp Asn His Leu Leu Hie His Fhe Val He Gly His Leu Lys 
180 185 190 

Gly Ala Pro Ala Ser Trp Trp Asn His Met His Phe Gin His His Ala 
195 200 205 

Lys Pro Asn Cys Phe Arg Lys Asp Fro Asp He Asn Met His Fro Phe 

210 215 220 

Phe Fhe Ala Leu Gly Lys He Leu Ser Val Glu Leu Gly Lys Gin Lys 
225 230 235 240 

Lys Lys Tyr Met Pro Tyr Asn His Gin His Xaa Tyr Fhe Fhe Leu He 
245 250 255 

Gly Fro Fro Ala Leu Leu Pro Leu Tyr Fhe Gin Trp Tyr He Fhe Tyr 
260 265 270 

Fhe Val He Gin Arg Lys Lys Trp Val Asp Leu Ala Trp He Ser Lys 

275 280 285 

Gin Glu Tyr Asp Glu Ala Gly Leu Fro Leu Ser Thr Ala Asn Ala Ser 
290 295 300 
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Lye Arg Asp Leu Pro Arg Ala Thr Ser Pro Gly Thr Arg Trp Pro Ser 
305 310 315 320 

Ala Gin Gly Ala Arg Ser Gly Gly Xaa Xaa Ser Thr Val Arg Cys Thr 
325 330 335 

Thr Ser Ala Ser Ser Fro Ala Gly He Gin Gly 



<210> SEQ ID NO 43 

<211> LEKGTHS 444 

<212> TYPES PRT 

<213> ORGAKISHt Homo sapiens 

<220> FEATURE: 

<22i> NAKE/KEY; VARIANT 

<222> LOCATION: ( 444 ) . . . ( 444 ) 

<223> OTHER INFORMATION: Xaa - Unlcnoim or other at position 444 

<400> SEQUENCE: 43 

Het Ala Pro Aep Pro Val Ala Ala Glu Thr Ala Ala Gin Gly Pro Thr 
15 10 15 

Pro Arg Tyr Phe Thr Trp Asp Glu Val Ala Gin Arg Ser Gly Cys Glu 
20 25 30 

Glu Arg Trp Leu Val He Asp Arg Lys Val Tyr Asn He Ser Glu Phe 
35 40 45 

Thr Arg Arg His Pro Gly Gly Ser Arg Val He Ser His Tyr Ala Gly 
50 55 60 

Gin Asp Ala Thr Asp Pro Phe Val Ala Phe His He Asn Lys Gly Leu 
65 70 75 80 

Val Lys Lys Tyr Met Asn Ser Leu Leu He Gly Glu Leu Ser Pro Glu 
85 90 95 

Gin Pro Ser Phe Glu Pro Thr Lys Asn Lys Glu Leu Thr Asp Glu Phe 
100 105 110 

Glu Leu Arg Ala Thr Val Glu Arg Met Gly Leu Het Lys Ala Asn His 
115 120 125 

Val Phe Phe Leu Leu Tyr Leu Leu His He Leu Leu Leu Asp Gly Ala 
130 135 140 

Ala Trp Leu Thr Leu Trp Val Phe Gly Thr Ser Phe Leu Pro Phe Leu 
145 150 155 160 

Leu Cys Ala Val Leu Leu Ser Ala Val Gin Ala Gin Ala Gly Trp Leu 
165 170 175 

Gin His Asp Phe Gly His Leu Ser Val Phe Ser Thr Ser Lys Trp Asn 
180 185 190 

His Leu Leu His His Phe Val He Gly His Leu Lys Gly Ala Pro Ala 
195 200 205 

Ser Trp Trp Asn His Met His Phe Gin His His Ala Lys Pro Asn Cys 
210 215 220 

Phe Arg Lye Asp Pro Asp He Asn Net His Pro Phe Phe Phe Ala Leu 

225 230 235 240 

Gly Lys He Leu Ser Val Glu Leu Gly Lys Gin Lys Lys Lys Tyr Met 
245 250 255 

Fro Tyr Asn His Gin His Lys Tyr Phe Phe Leu He Gly Pro Pro Ala 
260 265 270 

Leu Leu Pro Leu Tyr Phe Gin Trp Tyr He Phe Tyr Phe Val He Gin 
275 280 285 

Arg Lys Lys Trp Val Asp Leu Ala Trp Met He Thr Phe Tyr Val Arg 
290 295 300 



340 



345 
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Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lys Ala Phe Leu Gly 
305 310 315 320 

Leu Phe Phe lie Val Arg Phe Leu Glu Ser Asn Trp Phe Val Trp Val 
325 330 335 

Thr Gin Met Aan Hie He Pro Het Hie He Asp Hie Asp Arg Asn Net 
340 345 350 

Asp Trp Val 5er Thr .Gin Leu Leu Ala Thr Cys Asn Val His Lys Ser 
355 360 365 

Ala Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe Gin He Glu His 
370 375 380 

His Leu Phe Pro Thr Met Pro Arg His Asn Tyr His Lys Val Ala Pro 
385 390 395 400 

Leu Val Gin Ser Leu Cys Ala Lys Arg Gly He Glu Tyr Gin Ser Lya 
405 410 415 

Pro Leu Leu Ser Ala Phe Ala Asp He He His Ser Leu Lye Glu Ser 
420 425 430 

Gly Gin Leu Trp Leu Asp Ala Tyr Leu His Gin Xaa 
435 440 



<210> SEQ ZO NO 44 

<211> LEHGTHi 458 

<212> TYPE I PRT 

<213> ORGANISM t Homo sapiens 

<220> FEATURE: 

<221> NAME/KEY: VARLANT 

<222> LOCATIONS ( 458) . . . (458 ) 

<223> OTHER INFORMATION I Xaa - Unknown or other at position 458 
<400> SEQUENCE: 44 

Net Ala Ala Ala Pro Ser Val Arg Thr Phe Thr Arg Ala Glu Val Leu 
IS 10 15 

Asn Ala Glu Ala Leu Asn Glu Gly Lys Lys Asp Ala Glu Ala Pro Phe 
20 25 30 

Leu Met He He Asp Asn Lys Val Tyr Asp Val Arg Glu Phe Val Pro 
35 40 45 

Asp His Pro Gly Gly Ser Val He Leu Thr His Val Gly Lys Asp Gly 
50 55 60 

Thr Asp Val Phe Asp Thr Phe His Pro Glu Ala Ala Trp Glu Thr Leu 
65 70 75 80 

Ala Asn Phe Tyr Val Gly Asp He Asp Glu Ser Asp Arg Asp He Lys 
85 90 95 

Asn Asp Asp Phe Ala Ala Glu Val Arg Lys Leu. Arg Thr Leu Phe Gin 

100 105 110 

Ser Leu Gly Tyr Tyr Asp Ser Ser Lya Ala Tyr Tyr Ala Phe Lys Val 
115 120 125 

Ser Fhe Asn Leu Cys He Trp Gly Leu Ser Thr Val He Val Ala Lys 
130 135 140 

Trp Gly Gin Thr Ser Thr Leu Ala Asn Val Leu Ser Ala Ala Leu Leu 
145 150 155 160 

Gly Leu Phe Trp Gin Gin Cys Gly Trp Leu Ala His Asp Fhe Leu His 
165 170 175 

His Gin Val Phe Gin Asp Arg Phe Trp Gly Asp Leu Phe Gly Ala Phe 
180 185 190 

Leu Gly Gly Val Cys Gin Gly Phe Ser Ser Ser Trp Trp Lys Asp Lys 
195 200 205 

His Asn Thr His His Ala Ala Pro Asn Val His Gly Glu Asp Fro Asp 
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210 215 220 

He ABp Thr His Fro Leu Leu Tfar Trp Ser Glu Hie Ala Leu Glu Met 
225 230 235 240 

Phe Ser Asp Vsl Fro Asp Glu Glu Leu Thr Arg. Net Trp Ser Arg Fhe 
245 250 255 

Met Val Leu Asn Gin Thr Trp Fhe Tyr Phe Fro He Leu Ser Phe Ala 
260 265 270 

Arg Leu Ser Trp Cys Leu Gin Ser He Leu Fhe Val Leu Fro Asn Gly 
275 280 285 

Gin Ala Hie Lye Fro Ser Gly Ala Arg Val Fro He Ser Leu Val Glu 
290 295 300 

Gin Leu Ser Leu Ala Met His Trp Thr Trp Tyr Leu Ala Thr Met Fhe 

305 310 315 320 

Leu Fhe He Lys Asp Fro Val Asn Met Leu Val Tyr Fhe Leu Val Ser 
325 330 335 

Gin Ala Val Cys Gly Asn Leu Leu Ala He Val Phe Ser Leu Asn His 
340 345 350 

Asn Gly Met Fro Val He Ser Lys Glu Glu Ala Val Asp Met Asp Fhe 
355 360 365 

Fhe Thr Lys Gin He He Thr Gly Arg Asp Val Hie Pro Gly Leu Phe 
370 375 380 

Ala Asn Trp Fhe Thr Gly Gly Leu Asn Tyr Gin He Glu His His Leu 
385 390 395 400 

Phe Fro Ser Met Fro Arg His Asn Phe Ser Lys He Gin Pro Ala Val 
405 410 415 

Glu Thr Leu Cys Lys Lys Tyr Asn Val Arg Tyr His Thr Thr Gly Met 
420 425 430 

He Glu Gly Thr Ala Glu Val Phe Ser Arg Leu Asn Glu Val Ser Lys 
435 440 445 

Ala Ala Ser Lye Met Gly Lys Ala Gin Xaa 
450 455 



<210> SEQ ID NO 45 

<211> LEKGTHi 445 

<212> TYPE: PRT 

<213> ORGANISM; Homo sapiens 

<220> FEATURE: 

<221> NAME /KEY: VARIANT 

<222> LOCATIOH: (445 ) . . . ( 445) 

<223> OTHER INFORMATIONS Xaa - Unknown or other at position 445 
<400> SEQUENCES 45 



Met Ala Pro Asp Pro Val Ala Ala Glu Thr Ala Ala Gin Gly Pro Thr 
15 10 15 

Pro Arg Tyr Phe Thr Trp Asp Glu Val Ala Gin Arg Ser Gly Cys Glu 

20 25 30 

Glu Arg Trp Leu Val He Asp Arg Lys Val Tyr Asn He Ser Glu Phe 
35 40 45 

Thr Arg Arg Hie Pro Gly Gly Ser Arg Val He Ser Hie Tyr Ala Gly 
50 55 60 

Gin Asp Ala Thr Asp Fro Fhe Val Ala Phe His He Asn Lys Gly Leu 
65 70 75 80 

Val Lys Lys Tyr Net Asn Ser Leu Leu ile Gly Glu Leu Ser Pro Glu 
85 90 95 

Gin Pro Ser Fhe Glu Pro Thr Lys Asn Lys Glu Leu Thr Asp Glu Phe 
100 105 110 
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Ar9 Glu Leu Arg Ala Thr Vol Glu Arg Met Gly Leu Met Lye Ala Asn 
115 120 125 

Hie Val Phe Ffae Leu Leu Tyr Leu Leu His lie Leu Leu Leu Aap Gly 
130 135 140 

Ala Ala Trp Leu Thr Leu Trp Val Phe Gly Thr Ser Phe Leu Pro Phe 
145 150 155 160 

Leu Leu Cys Ala Val Leu Leo Sex Ala Val Gin Ala Gin Ala Gly Trp 

165 170 175 

Leu Gin His Aap Phe Gly His Leu Ser Val Phe Ser Thr Ser Lya Trp 
180 185 190 

Aan Hie Leu Leu His His Phe Val He Gly His Leu Lys Gly Ala Pro 
195 200 205 

Ala Ser Trp Trp Asn His Met His Phe Gin His His Ala Lys Pro Asn 
210 215 220 

Cys Phe Arg Lys Asp Pro Asp He Asn Net His Pro Phe Phe Phe Ala 
225 230 235 240 

Leu Gly Lys He Leu Ser Val Glu Leu Gly Lys Gin Lys Lys Lys Tyr 
245 250 255 

Met Pro Tyr Asn His Gin His Lys Tyr Phe Phe Leu He Gly Pro Pro 
260 265 270 

Ala Leu Leu Pro Leu Tyr Phe Gin Trp Tyr He Phe Tyr Phe Val He 

275 280 285 

Gin Arg Lys Lye Trp Val Asp Leu Ala Trp Met He Thr Phe Tyr Val 
290 295 300 

Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lya Ala Phe Leu 
305 310 315 320 

Gly Leu Phe Phe He Val Arg Phe Leu Glu Ser Asn Trp Phe Val Trp 
325 330 335 

Val Thr Gin Met Aan His He Pro Met His He Asp His Asp Arg Asn 

340 345 350 

Met Asp Trp Val Ser Thr Gin Leu Leu Ala Thr Cys Asn Val His Lys 
355 360 365 

Ser Ala Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe Gin He Glu 
370 375 380 

His His Leu Phe Pro Thr Met Pro Arg His Asn Tyr His Lys Val Ala 
385 390 395 400 

Pro Leu Val Gin Ser Leu Cys Ala Lys Arg Gly He Glu Tyr Gin Ser 
405 410 415 

Lys Pro Leu Leu Ser Ala Phe Ala Asp He He His Ser Leu Lys Glu 
420 425 430 

Ser Gly Gin Leu Trp Leu Asp Ala Tyr Leu His Gin Xaa 
435 440 445 



<210> SEQ ID HO 46 

<211> LENGTHS 447 

<212> TYPE I PRT 

<213> ORGAKISHi Homo sapiens 

<220> FEATURE: 

<221> NAME/KET: VARIANT 

<222> LOCATION I ( 447 ) . . . < 44 7 ) 

<223> OTHER INFORMATION: Xaa - Unknown or other at position 447 
<400> SEQUENCE I 46 

Met Gly Thr Asp Gin Gly Lys Thr Phe Thr Trp Glu Glu Leu Ala Ala 
15 10 15 
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His Asn Thr Lye Asp Asp Leu Leu Leu Ala lie Arg Gly Arg Val Tyr 
20 25 30 

Aep Val Thr Lye Fhe Leu Ser Arg HLa Pro Gly Gly Val Asp Thr Leu 
35 40 45 

Leu Leu Gly Ala Gly Arg Asp Val Thr Pro Val Phe Glu Net Tyr His 
50 55 60 

Ala Phe Gly Ala Ala Asp Ala lie Met Lys Lys Tyr Tyr Val Gly Thr 
65 70 75 80 

Leu Val Ser Asn Glu Leu Pro He Phe Pro Glu Pro Thr Val Fhe Hie 
85 90 95 

Lye Thr He Lys Thr Arg Val Glu Gly Tyr Phe Thr Asp Arg Asn He 
100 105 lio 

Aep Pro Lys Asn Arg Pro Glu He Trp Gly Arg Tyr Ala Leu He Phe 
115 120 125 

Gly Ser Leu He Ala Ser Tyr Tyr Ala Gin Leu Fhe Val Pro Fhe Val 
130 135 140 

Val Glu Arg Thr Trp Leu Gin Val Val Phe Ala He He Met Gly Phe 
145 150 155 160 

Ala Cys Ala Gin Val Gly Leu Asn Fro Leu His Asp Ala Ser His Fhe 
165 170 175 

Ser Val Thr His Asn Pro Thr Val Trp Lys He Leu Gly Ala Thr His 
180 185 190 

Asp Fhe Fhe Asn Gly Ala Ser Tyr Leu Val Trp Met Tyr Gin His Met 
195 200 205 

Leu Gly His His Pro Tyr Thr Asn He Ala Gly Ala Asp Pro Asp Val 

210 215 220 

Ser Thr Ser Glu Fro Asp Val Arg Arg He Lys Pro Asn Gin Lys Trp 
225 230 235 240 

Fhe Val Asn His He Asn Gin His Met Phe Val Fro Fhe Leu Tyr Gly 
245 250 255 

Leu Leu Ala Phe Lys Val Arg He Gin Asp He Asn He Leu Tyr Fhe 
260 265 270 

Val Lys Thr Asn Asp Ala He Arg Val Asn Fro He Ser Thr Trp His 

275 280 285 

Thr Val Met Fhe Trp Gly Gly Lys Ala Fhe Fhe Val Trp Tyr Arg Leu 
290 295 300 

He Val Fro Leu Gin Tyr Leu Pro Leu Gly Lys Val Leu Leu Leu Phe 
305 310 315 320 

Thr Val Ala Asp Met Val Ser Ser Tyr Trp Leu Ala Leu Thr Fhe Gin 
325 330 335 

Ala Asn His Val Val Glu Glu Val Gin Trp Pro Leu Pro Asp Glu Asn 
340 345 350 

Gly He He Gin Lys Asp Trp Ala Ala Net Gin Val Gin Thr Thr Gin 
355 360 365 

Asp Tyr Ala His Asp Ser His Leu Trp Thr Ser He Thr Gly Ser Leu 
370 375 380 

Asn Tyr Gin Ala Val His His Leu Phe Pro Asn Val Ser Gin His His 

365 390 395 400 

Tyr Fro Asp He Leu Ala He He Lys Asn Thr Cys Ser Glu Tyr Lys 
405 410 415 

Val Fro Tyr Leu Val Lys Asp Thr Phe Trp Gin Ala Phe Ala Ser Bis 
420 425 430 



Leu Glu His Leu Arg Val Leu Gly Leu Arg Pro Lys Glu Glu Xaa 



# 
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435 



440 



445 



<210> SEQ ID NO 47 
<211> LENGTH I 39 
<212> TYPE: DNA 

<213> ORGANISM: ArtiBcial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Upstream Primer R0676 
<400> SEQUENCE t 47 

atacgtgaat tcgccgceac catggccccc gacccggtg 39 



<210> SEQ ID NO 48 
<2I1> LENGTHS 36 
<212> TYPES DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Downstream Primer R0677 
<400> SEQUENCES 48 

tatccgctcg agttattggt gaagataggc atctag 36 



<210> SEQ ID NO 49 
<211> LENGTH: 21 
<212> TYPES DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Vector Primer R0329 
<400> SEQUENCE: 49 

cagaccaact ggtaatggta g 21 



<210> SEQ ID NO 50 
<211> LENGTH: 29 
<212> TYPES DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATIONS Vector Primer R0384 
<400> SEQUENCE: 50 

tcaggcccaa gctggatggc tgcaacatg 29 



<210> SEQ ID NO 51 
<211> LENGTH: 21 
<212> TYPES DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATIONS Vector Primer R0328 
<400> SEQUENCE: 51 

ctcctggagc ccgtcagtat c 21 



<210> SEQ ID NO 52 
<211> LENGTH: 29 
<212> TYPE: DNA 

<213> ORGANISMS Artificial Sequence 
<220> FEATURES 

<223> OTHER INFORMATIONS Vector Primer R038B 
<400> SEQUENCES 52 

atggtgggga agaggtggtg ctcaatctg 29 



<210> SEQ ID NO 53 
<211> LENGTH: 31 
<212> TYPE: DNA 

<213> ORGANISMS Artificial Sequence 
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<220> FEATURE I 

<223> OTHER INFORMATION: Praner RO430 



<400> SEQUENCES 53 



gtggctgttg ttattggtga egataggcat c 



31 



<210> SEQ ID NO 54 
<211> LENGTHS 20 
<212> TYPES ONA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Primer R0526 
<400> SEQUENCE: 54 

catggccccc gacccggtgg 20 



<210> SEQ ID NO 55 
<211> LENGTH: 20 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURES 

<223> OTHER INFORMATIONS Primer R0527 

<4 00> SEQUENCE: 55 

gcggccaccg ggtcgggggc 20 



<210> SEQ ID NO 56 
<211> LENGTH: 34 
<212> TYPES DNA 

<213> ORGANISMS Artificial Sequence 
<220> FEATURES 

<223> OTHER INFORMATIONS Primer R0512 
<400> SEQUENCE: 56 

gattgggtgc catggggatg cgggatgaaa aggc 34 



<210> SEQ ID NO 57 
<211> LENGTH: 18 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATIONS Primer R05 
<400> SEQUENCE: 57 

gaaacagcta tgaccatg 16 



<210> SEQ ID NO 58 
<211> LENGTH: 34 
<212> TYPES DNA 

<213> ORGANISMS Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATIONS Primer ROSSO 
<400> SEQUENCE: 58 

tcctgcgaat tcaccatgaa aaggcgggag agag 34 



<210> SEQ ID NO 59 
<2ll> LENGTH: 35 
<212> TYPE: DNA 

<213> ORGANISMS Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Primer R0578 
<400> SEQUENCE: 59 

catggctagg agaggcagcg cagccgcgtc tggac 35 
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<210> SEQ ID NO 60 
<2ll> LENGTHS 35 
<212> TYPE I DNA 

<213> ORGANISM I Artificial Sequence 
<220> FEATURES 

<223> OTHER INFORMATION t Primer R0579 
<400> SEQUENCE: 60 

ctAggtccag acgcggctgc gctgcctctc ctagc 35 




What is claimed is: 

1. A method for producing a polyunsaturated fatty add 
comprising the steps of: 

a) isolating said nucleotide sequence represented by SEQ 
ID N0:1 (FIG. 12); 

b) constructing a vector comprising said isolated nucle- 
otide sequence; 

c) introducing said vector into a host cell under time and 
conditions su£Gcient for expression of said human 
A5-desaturase enzyme; and 

d) exposing said expressed human A5-desaturase enzyme 
to a substrate polyunsaturated fatty acid in order to 
convert said substrate to a product polyunsaturated 
fatty acid. 

2. Tbe method according to claim 1, wherein said sub- 
strate polyunsaturated fatty acid is dihomo-Y-linolenic acid 
(DGLA) or 20:4n-3 and said product polyunsaturated fatty 



15 acid is aracbidonic acid (AA) or eicosapentaenoic acid 
(EPA), respectively. 

3. The method according to claim 1 further comprising tbe 
step of exposing said product polyunsaturated fatty acid to 
an elongase in order to convert said product polyunsaturated 
fatty acid to another polyunsaturated fatty acid. 

^ 4. The method according to claim 3 wherein said product 
polyunsaturated fatty acid is AA or EPA and said another 
polyunsaturated fatty acid is adrenic acid or (n-3)- 
docosapenlaenoic acid, respectively. 

5. The method of claim 3 further comprising the steps of 
25 exposing said another polyunsaturated fatty acid to an 

additional desaturase in order to convert said another poly- 
unsaturated fatty acid to a final polyunsaturated fatty acid. 

6. The method of claim 5 wherein said final polyunsatu- 
rated fatty add is (n-6)-docosapentaenoic acid or docosa- 

3Q hexaenoic (DHA) add. 
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Tyrosine hydroxylase; human 
isoforms, structure and 
regulation in physiology and 
pathology 

Toshiharu Nagatsu 

Institute for Comprehensive Medical Science^ School of Medicine^ 
Fujita Health University, Toyoake, Aichi 470-1, Japan 

Introduction 

Tyrosine 3-hydroxylase (TH; EC 1.14.16.2) catalyses the first step in the 
biosynthesis of catecholamines (dopamine, noradrenaline and adrenaline)^ 
Catecholamines function as neurotransmitters in dopamine, noradrenaline and 
adrenaline neurons in the brain and retina, and in peripheral sympathetic nor- 
adrenaline neurons, and also as hormones (adrenaline and noradrenaline) in the 
adrenal medulla. Catecholamine neurotransmitters in the brain regulate a wide 
range of high-level brain functions, such as movement, emotion, learning, 
memory, biorhythm, reproduction and endocrine function, by acting across 
synapses through dopamine receptors and a- and p-adrenaline receptors of tlie 
neuronal network. In peripheral tissues, noradrenergic sympathetic neurons 
distributed in organs secrete noradrenaline as a neurotransmitter from their 
nerve endings. The adrenomedullary cells secrete adrenaline (and a small 
amount of noradrenaline) into the blood as hormones which regulate various 
functions indispensable to the maintenance of life, e.g. autonomic function, 
stress reactions, blood glucose level, blood pressure and blood circulation, by 
acting on cells with a- and P-adrenaline receptors. 

TH plays important roles in physiology and pathology through the 
regulation of catecholamine, biosynthesis. Catecholamines arc known to be 
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FIcure I Pathway of biosynthesis of catecholamines (dopamine, noradrenaline and 
adrenaline) Jr^rtyros^^ and the catecholamlne-syntheslzing enzyme, 

involved in many diseases, including ncuropsychiatric diseases (Parkinson's 
disease, affecrive disorders or manic depressive illness, schizophren.a etcO. 
cardiovascular diseases (hypertension, cardiac diseases, etc.); and metabolic 

diseases (diabetes mellitus. etc.). . . . 

Catecholamines are synthesized from L-tyrosme by the pathway shown m 
Figure 1. Thus dopaminergic neurons contain the followmg sy«h«i^'"g 
enzymes: (1) TH and (2) aromatic L-amino acd decarboxylase (EC 4.1.1.28. 
21 known as dopa decarboxylase). Noradrenergic neurons or 
adrenomeduUary cells have a third synthesizing enzyme: (3) dopamine p- 
hvdroxylase (EC 1.14.17.1; also known as dopamine p-monooxygenase). Cells 
that synthesize adrenaline also have a fourth synthesizmg enzyme in addmon 
to these three: (4) phenylethanolamine N-mcthyltransferase (EC 2.1.1.28. also 
known as noradrenaline N-methyltransferasc). ^i„«i :„ 

TH wa.s discovered in 1964'. At that time, of the four enzymes mvolved m 
catecholamine biosynthesis, only the enzyme responsible for converting 
tyrosine to dopa was elusive. Tyrosinase was assumed to X^f^J^^^^^^^^^ 
but was not found in catecholamine-contammg tissues, including the bram. 
Others had suggested that dopa formation 

could be observed easily under various conditions .« vUro. TH activity was 
L detected with a newly developed, sensitive rad.o-isotopic assay wbch 
used L-["C]-tyrosine as substrate. L-['^C]-dopa. enzym.cally formed, was 
isolated on ii alumina column and assayed; however when ^-rQ-tyrosuje 
was used as a control, no radiolabelled dopa was formed. Tli.s evidence cle arty 

demonstrated that an enzyme, such as TH. ^"^^"V '"'Ivmril the 
tyrosine to L-dopa. TH was later found to be the ratc-lim.tmg enzyme m the 
biosynthesis of catecholamines^. 



TH requires a pteridine and ferrous ion as essential cofactors^ The natural 
tetrahydropteridine cofactor, tetrahydrobiopterin, was found to be most 
active^. The enzyme requires molecular oxygen as a substrate and is therefore a 
monooxygenase (also known as tyrosine 3-monooxygenase)^ 

The purification of TH was difficult, but was finally achieved in early 
1980. By 1990, complex regulatory mechanisms had been found, including 
feedback regulation by catecholamines, and activation or deactivation due to 
phosphorylation by protein kinases or dephosphorylation by phosphatases. 
Since 1985, the structure of TH from various species, including humans, has 
been determined by cDNA cloning. 

Properties of TH as a pteridine-dependent monooxygenase 

TH is expressed in the catecholamine neurons that are present in discrete 
regions of the brain and retina, in the noradrenaline neurons of sympathetic 
ganglia and sympathetic nerves, and in adrenaline and noradrenaline cells of 
the adrenal medulla. 

The reaction of TH is considered to be similar to that of phenylalanine 4- 
hydroxylase (EC 1.14.16.1)'* (Figure 2). The TH substrates L-tyrosine and 
molecular oxygen and the tetrahydrobiopterin natural cofactor are converted 
to L-dopa and 4a-carbinoIaminc tetrahydrobiopterin. 4a-Carbinolaminc 
tetrahydrobiopterin is converted to quinonoid dihydrobiopterin by pterin 4a- 
carbinolamine dehydratase (EC 4.2,1.96). Quinonoid dihydrobiopterin is 



Figure 2. Reaction catalysed by TH in relation to the tetrahydrobiopterin cofactor 
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Figure 3. (a) Structure of pteridine and pterin; (b) structure of four formi of tetr^ 
hydrobiopterin 

reduced back to tctrahydrobioptcrin by dihydropteridine reducuse (EC 
1.6,99.7) with NADH as the cof actor. 

The term pterin, which was originally used to describe a factor in the 
pigments of butterfly wings, is now used for the natural pteridine compounds, 
most of which have the structure of 2-amino-4-hydroxyptcridine. In vivo, 
pterin has the structure of the oxoform, 2-amino-4-oxo-3,4-dihydropteridine 
(Figure 3a). The natural form of the tetrahydropteridine cofactor, L-erythro- 
tetrahydrobiopterin, was first discovered as the cofactor of phenylalanine 
4-hydroxylasc (Figure 3b). The stereochemical structure is the (6/?)-form in 
the reduced tetrahydro- form. Enzymically produced quinonoid dihydro- 
biopterin is also spontaneously and rapidly converted to 7,8-dihydrobiopterin, 
and then further oxidized to biopterin. The tissue concentration of the latter 
two forms is low compared with the former two reduced forms. 

Tetrahydrobiopterin has many important functions as the cofactor of 
pterin-requiring monooxygenases and also of nitric oxide synthase. 
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Tetrahydrobiopterin is synthesized from GTP by the pathway shown in 
Figure 4, Three enzymes are required: (i) GTP cyclohydrolase I (EC 3.5.4.16); 
(ii) 6-pyruvoyltetrahydropterin synthase (EC 4.6.1.10); and (iii) sepiapterin 
reductase (EC 1.1.1,153). The third step may be catalysed by sepiapterin 
reductase alone or by aldehyde reductase (EC 1.1.1.21) and then by sepiapterin 
reductase (Figure 5). The concentration of tetrahydrobiopterin synthesized 
from GTP partly regulates the activity of TH. 

TH also requires Fc^* for activity. Human TH in crude tissue preparations 
is highly activated by exogcnously added Fe^"*". 

TH has been purified from bovine adrenal medulla^ rat adrenals^ rat 
pheochroraocytoma^, human adrenals and human brain^. In human adrenals 
and brain, TH is composed of both active and less active forms. The less active 
forms can be detected by enzyme immunoassay and Western blot analysis^. As 
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Figure 5. Relationship of tetrahydrobiopterin biosynthetic pathway to catecholamine 
biosynthesis via tyrosine hydroxylase 

Abbreviations used: NH^Pj. dihydroneopterin triphosphate; PPH^. 6-pyruvoyltetrahydropterin; 
BH^, tetrahydrobiopterin; BH,. dihydroblopterin; DPR. dihydropteridine reductase. 

described below, human TH has four types of mRNA encoding four isoform 
proteins. 

Rat, bovijie or human TH is a tetrameric protein of about 240 kDa, each 
subunit having a mass of approx. 60 kDa. Each subunit has a C-terminal 
catalytic domain that binds the substrates tyrosine and molecular oxygen, and 
the pterin cofactor, and an N-terminal regulatory domain containing phospho- 
rylated serine residues. 

Isoforms of human TH 

Since it was difficult to obtain sufficient amounts of TH protein to elucidate 
the complete amino acid sequence, the primary structure of TH from various 
species including humans has been deduced from the nucleotide sequence of 
TH cDNA. A full-length cDNA containing the entire sequence of rat TH was 
first cloned from rat pheochromocytoma'. The open-reading frame, including 
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Figure 6. Comparison of 
the structures of human, 
(type I), mouse, rat, 
bovine and quail TH 
Identical amino acids of 
mouse, rat, bovine and quail 
TH are expressed by 
hyphens. Vertical bars and 
the numbers above che 
human amino acid sequence 
represent break-point of 
exons and the exon numbers 
In the human TH gene, as 
shown In Figure 8. 



the initiation codon, contains 1494 bp that encode 498 amino acids. Only one 
cDNA was cloned from rat, mouse, or bovine tissues. Figure 6 shows a 
comparison of amino acid sequences between human TH (type 1) and animal 
(mouse, rat, bovine and quail) TH. The sequence similarity of TH from 
various animals is high at the catalytic domain near the carboxyl region, 

. In contrast with a single TH cDNA in animals, human TH has four 
isoforms (hTHl--4) of mRNA encoding different proteins'^*'' (Figure 7). 
Nucleotide sequence analyses of fuU-lei^h cDNA of types 1 and 2^^, type 3 
and type 4^* revealed that these four mRNAs differ only in the 
inclusion/exclusion of 12, 81 and 93 (12 plus 81) bp sequences, respectively, 
between nucleotides 90 and 91 of hTHl mRNA. Since this insertion does not 
alter the reading frame of the protein-coding region, type-4 cDNA encodes 
the longest TH molecules. Southern blot analysis of human genomic DNA has 
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Figure 7. Nucleotide sequence and deduced amino acid sequence of hTH4 cDNA 
The 8 1 bp sequence on the single line and the 1 2 bp sequence on the double line are deleted in 
hTH2 cDNA and hTH3 cDNA, respecdvely. The two sequences corresponding to the 93 bp are 
deleted In hTH I cDNA, which is common among TH cDNA from various animals. 



suggested that the human TH gene exists as a single gene per haploid DNA, 
indicating that these different human mRNAs arc produced through ahcrna- 
tive mRNA splicing from a single primary transcript' 

Genomic clones encoding the human TH gene were isolated and charac- 
terized^^^'^. Tlie human TH gene is composed of 14 cxons, interrupted by 13 
introns, spanning approximately 8.5 kb (Figure 8). The nucleotide sequence of 
the coding regions is the same as that of type-4 cDNA. The 12 bp insertion 
sequence is derived from the 3'-terminal portion of exon 1 (also called exon Ij) 
and the 81 -bp insertion sequence is encoded by exon 2 (also called exon 1,). 
The N-terminal region is encoded by the 5'-portion of exon 1 (also called exon 
],), and the remaining region from exon 3 to exon 14 (also called exon 2 to 
exon 13 for comparison with animal TH genes), is common to all four kinds of 
mRNA. Figure 8 summarizes the alternative splicing patterns which generate 
the four types of human TH mRNA. There are two modes of alternative 
splicing; (i) the alternate use of two donor sites In exon 1 (also called exon Ij 
and exon Ij), whereby the selection of the two donor sites determines the 
insertion/deletion of the 12 bp sequence (also called exon Ij); (ii) the other 
mode is the insertion/exclusion of an entire exon 2 (also called exon Ij) that is 
specific for the human TH gene. Expression of type 1/2 or type 3/4 human TH 
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Figure 8. Structure of the human TH gene and schematic Illustration of the alter- 
native splicing pathway producing the four types of human TH mRNA from the 
primary transcript 

The 3 '-terminal, 12 bp sequence of exon I is also named exon I and the exon 2 is also named 



exon 1 3. 



mRNAJs-deiermin I3) ^'^^ 

spliced products. The other 12 exons downstream from exon 3 (also called 
exon 2 for comparison with animal TH genes) are spliced and incorporated 
into mature mRNA. 

hTHl Is similar to the enzyme from various animals. hTHl-4 have been 
expressed in COS cells, in Xenopus oocytes and in vertebrate cells. The 
expressed human TH types 1-4 show similar values for tyrosine and the 
pteridine cofactor. However, the four types of human TH have different 
specific activities: hTHl has the highest specific activity; the values for the 
other enzymes range from about 30% to 40% of that of hTHl, 

hTHl-4 cDNAs have also been expressed in Escherichia coli, and large 
amounts of pure human TH have been obtained to characterize their 
properties^^*^^. 

mRNAs encoding tJie four isoforms of human TH have been detected in 
human neuroendocrine tissues and quantitatively determined in human brain 
(substantia nigra) using reverse transcription-polymerase chain reaction (RT- 
PGR). hTHl and hTH2 are major species, and hTH3 and hTH4 arc minor 
species. About 5% of the total human TH mRNA is represented by hTH3 and 
hTH4 in the normal human substantia nigra^^. The approximate ratio of 
hTHl, hTH2, hTH3 and hTH4 mRNAs to the total amount of TH mRNA is 
45:52:1.4:2.1 *^ 

TH isoform-specific, anti-oligopepiide antibodies were produced, and all 
four isoform proteins were detected in the human adrenal medulla and human 
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brain^^ The estimated ratio of isoforms in the human adrenal medulla was 
40:40:10:7. Since hTH3 and hTH4 mRNA contents were higher in the adrenal 
medulla than in the brain, the ratio of hTHl-4 proteins is thought to be similar 
to the ratio of TH Isoform mRNAs present. 

TH isoforms are also found in monkeys^*'''. Analyses of mRNA and/or 
genomic DNA of marmosets (New-world monkeys), crab-eating monkeys 
(Macaca irus\ Japanese monkeys {Macaca fnscata^ Old-world monkeys) and 
gorillas using PGR indicate that multiple types of TH corresponding to hTHl 
and hTH2 arc present, and that the isoforms corresponding to jhTH3 and 
hTH4 arc absent. Chimpanzee, orangutan and gibbon were also suggested to 
have types 1 and 2 from the genomic DNA sequences, but these higher apes, 
except gorilla, may also have the capacity to produce type-3 and type-4 
mRNA. Direct analysis of niRNAs would be required to determine the 
existence of types 3 and 4 in these anthropoids. Immunohistochemical studies 
have revealed that both type-1 and type-2 TH proteins, but not types 3 or 4, 
are expressed in the brain of macaque monkeys^^. Tliese results indicate that 
New- and Old-world monkeys and gorillas produce TH types 1 and 2, and 
that mutations that had accumulated in the genomic DNA create a new exon 
(exon 2 or exon 1^), resulting in the appearance of two new TH isoforms, types 
3 and 4, in humans^'''. Phylogenetic trees of hominoids suggest that the gibbon 
split off from the common ancestor first, followed by the orangutan and 
gorilla. Finally, the chimpanzee and human separated about 5 million years 
ago. Distances between gorilla and humsin, and between chimpanzee and 
human, arc very close. The increased heterogeneity of TH, from a single 
isoform in non-primate animals, to two isoforms in monkeys and four 
isofoiTns in humans, offers new insight into the sequence of events leading to 
the evolution into separate species of the liigh primates. 

Generation of heterogeneity in the TH isoforms in monkeys and humans 
may alter the biosynthesis of catecholamines in vivo^ and might affect the 
growth of neurites and the neural circuitry in the brain. Since TH regulates the 
biosynthesis of catecholamines that are essential for higher brain function, it is 
tempting to speculate that the genetic difference among humans, primates and 
non-primates is related to a specific brain function. 

Regulation of TH 

TH is regulated in a very complex way: in the short term, TH activity is 
mainly regulated by phosphorylation of serine residues in the regulatory 
domain at the N-terminus by various protein kinases; in the long term, such as 
under stress, TH is regulated at the transcriptional level resulting in the 
induction of TH (Figure 9). 

TH purified from various species is a 240 hDa homotetramer composed of 
four subunits of approx. 60 kDa each. Each of the purified human TH types 
1-4 expressed in £. coli also has a tetrameric structure. Limited proteolysis 
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Figure 9. The mechanism of short-term regulation of TH by phosphorylation 
(activation) and long-term regulation by induction (gene expression) * 
Protein kinases (PKA. Ca/CaMPKII and PKC) activate TH via phosphorylation in the short term 
and also indu ce TH via gene activation in the jong term. 

reveals the inhibitory regulatory domain at the N-terminus aiid the catalytic 
domain at the C-terminus. Deletion mutagenesis studies place the C-terminal 
catalytic domain of rat TH between residues 158 and 184, and the cnrboxyl 
end at or prior to position 455^^ Mature TH purified from adrenals or brain, 
or recombinant TH expressed in £. co/i, exists as a homotctramer. A region 
containing a putative C-terminal leucine zipper may be required for TH 
tetramer formation^^. 

Figure 10 shows a schematic presentation of the short-term regulation of 
dopamine biosynthesis via regulation of TH activity in the dopaminergic nerve 
terminals in the basal ganglia of the brain. Tlie concentration of the cofactor, 
tetrahydrobiopterin, is a regulatory factor. TH is not saturated with tetra- 
hydrobiopterin in vivo, and the cofactor level which is mainly regulated by 
GTP cyclohydrolase I activity may also regulate TH activity. 

Catecholamines, the end product of the TH reaction, inhibit the enzyme 
activity competitively with tetrahyd^obiopterin^ and inactivate the enzyme 
revcrsibly to convert the active/labile form to an inactive/stable fomi^. These 
two feedback inhibition mechanisms by catecholamines arc important in 
short-term regulation. Bovine adrenal TH is isolated in the inhibited sute widi 
catecholamines as the blue-green coloured catecholamine-Fe^* complex. 
Phosphorylation of Ser-40 at pH 7.0 causes the release of catecholamine to 
activate the enzyme^*. 




Figure 10. Schematic presentation of the short-term regulation of dopamine bio- 
synthesis via TH activity in the dopaminergic nerve terminals in the basai ganglia of 
the brain 

Abbreviations used: A-R. adenosine receptor; BH^. tetrahydrobiopterin; cAMP, cyclic AMP; DA, 
dopamine; DA-R, dopamine receptor; DDC dopa decarboxylase (AADC, aromatic L-amino acid 
decarboxylase); DOPA. L-dopa; DOPAC, 3,4-dihydroxyphenyIacetic acid; DPR, dihydropieridlne 
reductase; MAO, monoamine oxidase; qBHj, quinonoid dihydrobiopterin. 

Another probable reguJation of TH activity is activation by association 
with chromaffin granules in the adrenal medulla or with synaptic vesicles. TH 
from the cytosol can bind reversibly to the granule membrane in a process that 
results in activation. This attachment of TH on the surface of chromaffin 
granules has been confirmed by immuno-electronmicroscopy^^. 

The most important short-term mechanism for regulation of TH is 
activation by phosphorylation via protein kinases and deactivation by dephos- 
phorylation via protein phosphatases. As shown in the schematic diagram of 
Figure 11, the main phosphorylation sites of TH in vitro are Ser-19, Ser-31 and 
Scr-40^^ Ser-I9 is phosphorylated mainly by Ca^Vcalmodulin-dependent 
protein kinase II (Ca/CaMPKII; EC 2.7.1.123), while Ser-40 is phosphorylated 
mainly by protein kinase A (PKA). Ca/CaMPKlI may phosphorylate and 
activate TH of PCl2h cells when they are depolarized by high K* because 
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Figure 1 1. Schematic diagram of the main phosphorylation sites (Ser-i9, SerOi and 
Ser-40)ofhTHI 

The open area shows the regulatory N-terminal domain. The shaded area shows the catalytic O 
terminal domain. S-19. S-31 and S-40 are the main phosphorylation sites activatlr^ the enzyme. 
The insertion sequences of 4, 27 and 31 amino acids between M-30 and S-31 correspond to 
hTH2. hTH3 and hTH4. 

a selective inhibitor of Ca/CaMPKII, KN-62 |l-[N,0-bis(5-isoquinolin- 
sulfonyl)-7V-rnethyl-l^tyrosyl]-4-phenylpIpera2inc), inhibits this TH 
phosphorylation and reduces dopamine synthesis. These results agree with the 
report that Ca/CaMPKII mediates phosphorylation of TH by hormonal and 
electrical stimuli, which leads to elevation of Ca^*^ levels in PC12 cells^^ Ser-40 
is phosphorylated by PKA, protein kinase C (PKC) and Ca/CaMPKII; 
however, PKA phosphorylates Ser-40 of all four subunits of the enzyme 
molecule, causing a marked activation, whereas PKC and Ca/CaMPKII phos- 
phorylate only two of the four subunits without affecting the enzyme 
activity^*. Ser-31 is also phosphorylated by the extracellular signal-regulated 
kinases 1 and 2 (ERKl and ERK2), two microtubule-associated protein 
kinases^'. 

The first messengers likely to regulate TH phosphorylation include: 
dopamine (via the presynaptic dopamine autoreceptor); adenosine (via the 
presynaptic A2 receptor); glutamate [via the A/-methyl-l)-aspartate (NMDA) 
receptor]; vasoactive intestinal polypeptide (VIP) (via PKA); angiotensin (via 
PKC); secretin-glucagon (via PKA); prolactin (via PKC); and nerve growth 
factor (NGF) (via Ca/CaMPKII). Dephosphorylation of TH by protein phos- 
phatases (type 2A) decreases the activity. However, the enzyme expressed in 
E. coli has high activity without phosphoiylation, indicating that the unphos- 
phorylated enzyme has activity. Another finding, suggesting the regulatory 
inter-relaiionsliip between the tetrahydrobiopterin synthetic pathway and cat- 
echolamine biosynthesis, is that tetrahydrobiopterin activates TH phosphatase. 
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Thus increased concentrations of tetrahydrobioptcrin activate TH, but may 
also decrease its activity due to dephosphorylation^° 

The mechanism of activation of TH by phosphorylation at Ser-40 is 
increased affinity for the tetrahydrobioptcrin cofactor and removal of 
inhibition by the end-product catecholamine^*. The insertion sequence 
between Met-30 and Ser-31 of hTHl promotes additional phosphorylation of 
hTH2 by Ca/CaMPKII, Unlike hTHl, phosphorylation of hTH2 by 
Ca/CaMPKII results in an increase of the value for dopamine, giving a 
greater potential for activation than hTHl. The hTHl-4 isoforms are phos- 
phorylated at Ser-40 and Scr-19 by mitogen-activated protein-kinase (MAP 
kinase)-activated kinase-1 and -2 (MAPKAP kinase-1 and -2), and atSer-3] by 
MAP kinase. It is suggested that phosphorylation by MAPKAP kinase-1 and 
-2 may be of particular importance for the regulation of hTH2, which is phos- 
phorylaicd by MAP kinase very poorly, and that phosphorylation by MAP 
kinase may be of special significance for the regulation of hTH3 and hTH4^^. 

hTHl, hTH2 and hTH4 are inhibited by catecholamines in competition 
with tetrahydrobioptcrin. Catecholamines bind to hTHl and hTH2 with a 
stoicheiomctry of about 1 mol per mol of enzyme subunit interacting with the 
catalytic iron at the active site. Tctrahydrobiopterin causes a dissociation of 
dopamine from hTHl. Phosphorylation at Ser-40 by PKA decreases the 
affinity of dopamine binding by a factor of 10. These results suggest that 
-human TH-isoforms arc-regulated in a-similar fashion to TH from other 
species. 

Gene expression of TH 

TH is regulated in the long term, such as under chronic stress, by enzyme 
induction at the transcriptional level. As shown in Figure 12, several putative 
regulatory elements exist in the 5'-upstream region of the genes of human and 
rat TH within 0.2 kb of the 5'-flanking DNA sequence: AP2, API, POU/ 
Octa, Hepta, Spl and cyclic AMP response element (CRE). 

Protein kinases (PKA, Ca/CaMPKII, PKC etc.) activate TH by phospho- 
rylation in the short term, and also induce TH protein in the long term. Thus 
protein kinases have dual regulatory roles. 

The expression of TH in cultured cells and tissues containing cate- 
cholamines is regulated by various first messengers (c.g. dopamine, dopamine 



Figure 12. A schematic map of the 5' upstream region of the human TH gene 
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agonists and antagonists, dexamethasone, VIP and secretin, angiotensin II, 
bradykinin, neurotensin and NGF), and by PKA and PKC signal transduction 
pathways. 

Functional CRE activity has been found in a variety of cell lines. The CRE 
appears to play an important dual role: as a basal promoter element and an 
inducible enhancer for TH transcription. CRE and CRE-binding protein 
(CREB) may play a fundamental role in the transcriptional activation of the 
TH gene in catecholaminergic cclls*^^*^^. 

The API site may also functionally regulate TH gene activity, but may 
contribute to transcription to a smaller degree than CRE. Binding of the 
products of immediate early genes,'c-Fos- and c-Jun-related proteins induced 
by NGF or angiotensin II, to the putative APl-Hke sites increases TH trans- 
cription. Thus NGF treatment of responsive cells increases TH action by two 
different mechanisms: the first is a short-term elevation of TH activity due to 
an increase in TH phosphorylation; the second is a long-term elevation of TH 
due to an increase in the syntlicsis of the enzyme. Both PKA and PKC appear 
both to activate TH by phosphorylation and to induce its synthesis by an 
increase in TH transcription. It has also been proposed that the tissue-specific 
regulation of TH requires a synergistic interaction between the API motif and 
the overlapping E-box. 

Cold-induced increases in adrenomedullary TH gene expression are 
mediated through the interaction of the API binding site and the c-Fos/c-Jun. 
Membrane depolarization induces an increase in intracellular Ca^"*^ which in 
turn induces TH. The depolarization response element in the TH gene in 
PC12 cells is thought to be CRE. Thus CRE appears to be functioning as a 
calcium regulatory element in this system. 

Analysis of TH gene expression in transgenic mice 

Since the expression pattern of TH is spatially and temporally specific, 
transgenic mice are useful for defining the regulation elements for TH gene 
expression. The transgenic (HTH) mice carrying an 11 kb fragment 
(containing a 2.5 kb 5 '-flanking region, the entire exon-intron sequence and a 
0.5 kb 3 '-flanking region) exhibited high-level and tissue-specific expression of 
human TH in the brain and adrenal glands^^. The 5.0 kb 5'-flanking region of 
the human TH gene could drive chloramphenicol acetyltransferase (CAT) 
reporter gene expression in catecholaminergic neurons and adrenal medullary 
cells of non-transgenic mice; however^ CAT expression was also observed in 
some non-catecholaminergic neurons, including those in several sites where 
transient TH expression has been reported. The 2.5 kb and 0.2 kb 5'-flanking 
fragments of the TH gene could not express CAT in catecholaminergic 
neurons^^. The 5.0 kb of the human TH 5 '-flanking region, the cxon-intron 
structure and/or 3'-flanking region of the TH gene may function in cate- 
cholaminergic neuron-specific expression. The results in HTH transgenic mice 
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show that the fundamental cellular machinery necessary for the alternative 
splicing of human TH mRNA is present and functioning in the mouse cate- 
cholaminergic cells and produces multiple forms of the enzyme from human 
TH mRNA sequence. Although human TH mRNA and active protein are 
overexpresscd in the HTH transgenic mice, the catecholamine levels and 
phenotypes are not significantly different from those of non-transgenic mice, 
suggesting that there are other, unknown, regulatory mechanisms for the cate- 
cholamine levels in the transgenic mice. In transgenic mice, introducing either 
4,8 kb or 9 kb of the 5' flanking region of the rat TH gene is sufficient for the 
high level of tissue-specific expression^^-^^ Thus it may also be possible that 
other catecholamtnergic neuron-specific elements reside between 5 kb and 
9 kb of the human TH gene, as well as in the intron-cxon structure and/or the 
3 '-terminal region. 



TH in disease 

Since catecholamines are closely related to the pathogenesis of neuropsychi- 
atric or cardiovascular disorders, TH has been suggested to play an important 
role in a number of diseases. 

In Parkinson's disease, TH activity, protein levels and mRNA levels are . 
decreased in the nigrostriatal dopaminergic neurons^^. A quantitative RT-PCR 
method .for_'the four_typ.es_of human TH mRNA revealed that the four 
isoforms exist in the human substantia nigra at an approximate ratio of 
45:50:2:3. In Parkinsonian substantia nigra, each form of TH mRNA was 
decreased to about 25% of the normal level (Figure 13). In contrast, neither the 
absolute ajnount nor the ratio of hTHl-4 protein changed in schizophrenia. If 
hTHl-4 mRNAs exist in the same neuron, the total amount but not the ratio 
of hTHl-4 may change. On the other hand, neurons containing only one type 
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Figure 13. 
Quantification of 
mRNAs of human 
TH isoforms in the 
substantia nigra*' 
Total amounts of 
TH mRNA (amol TH 
mRNA/|ig of total 
RNA) in control. 
Parlcinson's disease and 
schizophrenia were 
5.4 ±1.4, 1.5 ±0.9 and 
4.0 ± 1 .8, respectively. 
The total amount, type 
i and 2 mRNAs were 
significantly reduced 
compared with corre* 
sponding control values 
(P<0.05). 
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of human TH protein were demonstrated by hnmunohisiochemistry'^. It is 
interesting that the surviving dopaminergic neurons in Parkinson's disease 
have decreased levels of TH mRNA and protein, suggesting the incapability of 
the remaining neurons^. 

The nigrostriatal dopamine neurons appear to be the most susceptible to 
dopamine deficiency. The first symptom (phenotype) of dopamine deficiency 
may be dystonia, i.e. disordered tonicity of muscle. Hereditary progressive 
dystonia with marked diurnal fluctuation (HPD) (also called dopa-responsive 
dystonia, DRD) is a dystonia with autosomal dominant inheritance with 
dopamine deficiency in the nlgro-striatum of the brain, originally described by 
Segawa and sometimes known as Segawa's syndrome. Small doses of L-dopa 
can cure the patients. HPD/DRD is caused by mutation of GTP cyclohydro- 
lase I, the first enzyme in tetrahydrobiopterin biosynthesis. The resultant 
decrease in tetrahydrobiopterin, to below 20% of the normal level, causes the 
decreased TH activity and dopamine deficicncy^^ A recessive inherited form 
of HPD/DRD in other families is caused by point mutation of TH (Gln- 
381 Lys/^. It should be noted that another autosomal recessive condition of 
GTP cyclohydrolase I deficiency is also caused by a point mutation, resulting 
in no enzyme activity and severe neurological symptoms^^. 

Catecholamine neurotransmitters are assumed to be closely related to 
mental diseases, especially to bipolar affective disorders (manic depressive 
illness) or schizophrenia. The TH gene is a pan of a gene cluster of TH-insulin 
gcne-insuHn-like growth factor 2 gene in human chromosome llpl5.5. The 
TH gene is 5' to the insulin gene and is separated by only 2.7 kb of flanking 
DNA. Since the first report in 1981 on linkage study, suggesting association 
between TH and the bipolar affective disorders, extensive studies have been 
carried out with conflicting results. A positive association between the bipolar 
illness and a locus containing the gene for TH has been reported^^ Increased 
TH activity is assumed to explain probable overactivity of ventro-tegmental 
dopaminergic neurons in schizophrenia, but the amounts of hTHl-4 mRNAs 
in the substantia nigra do not change from those from normal controls^*. It is 
obviously necessary to carry out molecular genetic studies with increased 
numbers of patients and families with affective disorders or schizophrenia. 

An interesting therapeutic approach for Parkinson's disease is brain trans- 
plantation of non-ncuronal cells transfected with human TH gene. This work 
is still at the level of animal experimentation. One important factor is the avail- 
ability of the cofactor of TH, tetrahydrobiopterin'**, since tetrahydrobiopterin 
is essential for TH activity. Use of an adenovirus vector for gene transfer of 
TH into the substantia nigra by stereotaxic inoculation may be a promising 
approach as a gene therapy for Parkinson's disease. 



jn Biochemistry volume 30 i995 



Summary 



TH is a tetrahydrobiopterin'reqHiring, iron-containing monooxyge- 
nase. It catalyses the conversion of L-tyrosine to L-dopa, which is the 
first, rate-limiting step in the biosynthesis of catecholamines (dopamine, 
noradrenaline and adrenaline), the central and sympathetic neuro- 
transmitters and adrenomedullary hormones. The cofactor of TH is 
tetrahydrobiopterin, which is synthesized from GTP in three steps. 
The TH gene consists of 14 exons only in hnmans and 13 exons in 
animals. Human TH exists in four isoforms (hTHl-4) that are 
produced by alternative mRNA splicing from a single gene. A single 
mRNA and protein corresponding to hTHl exists in non-primates. 
Monkey TH exists in two isoforms, corresponding to hTHl and hTH2. 
TH activity is regulated in the short term by feedback inhibition of 
catecholamines in competition with tetrahydrobiopterin, and by 
activation and deactivation due to phosphoiylation and dephosphory- 
lation, mainly at Ser'19 and Ser'40 of hTHl. The multiple TH 
isoforms in humans and monkeys have additional phosphorylation, 
resulting in more subtle regulation. 

In long-term regulation under stress conditions, TH protein « induced. 
CRE and API in the 5 'flanking region of the TH gene may be the 
'nuanfunctio^tdetnents fo gene expressiorL 



TH may be closely related to the pathogenesis of neurological diseases, 
such as dystonia and Parkinson's disease, psychiatric diseases, such as 
affective disorders and schizophrenia, as well as cardiovascular 

diseases. 

• , The TH gene may prove useful in gene therapy to compensate for 
decreased levels of catecholamines in neurological diseases, for example, 
for supplementation of dopamine in Parkinson's disease. 

I apologize to the many contributors to the field to whom I have not been able to 
refer, owing to the limltaa'on of reference numbers. I thank the Ministry of Education, 
Science and Culture of Japan, and Fujita Health University for their support. 
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PHARMACEUTICAL COMPOSITION FOR THE 
TREATMENT OF INFANTILE AUTISM 

FIELD OF THE INVENTION 

The present invention relates to a pharmaceutical 
composition for the treatment of infantile autism which 
contains tetrahydrobiopterin or a derivative thereof as 
an elTective ingredient. 

PRIOR ART 
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FIG. 3 is a graph showing the blood level of Tyr-d4 
as a function of time after it was administered pre-orally 
to autistic children; and 

FIGS. 4 and 5 are charts which outline the time 
schedule of administration of BPH4, 5HTP and L- 
DOPA and the resulting changes in the symptoms of 
Cases ] and 2, respectively. 

DETAILED DESCRIPTION OF.THE 
INVENTION 



The present invention relates to a pharmaceutical 
composition for the treatment of autism which contains 



II " 

ft* M*""*^ -'''^ ^ 

H2N N N 



N 
H 



Ever since the finding of the dysfunctioning of the 
brain in autistic children, autism has been considered to 
be a disease caused by brain impairment. The etiology 15 a compound of the formula (I)i 
of autism has been ascribed to heredity, developmental 

anomaly or impairment at delivery but no lucid and q 
convincing explanation has yet been put forward. 
Therefore, the treatments so far tried have been limited 
to nosotropic ones which involve the administration of 20 
such drugs as pimozide,.ha]operidol, pentoxyfylline and 
calcium hopantenate in accordance whh the specific 
abnormal behaviors manifested by autistic patients* and 
no treatment which is truly etiotropic has been known 
[Acta paedopsychiat., 48. 173-184 (1982); Clin. Eval., 8, 25 
629-673, December, 198(% Shinryo to Shinyaku (Diag- 
nosis and New Drugs), 21, 4, Special Issue, Apr. 1, 
1984). 

Tetrahydrobiopterin and derivatives thereof are 
known compounds which have been used in the treat- 30 
ment of malignant hyperphenylalaninemia, depressions 
and Parkinson's disease (see, for example,. Japanese 
Patent Public Disclosure Nos. 25323/1984 and 
76086/1984). 

As mentioned above, however, no etiotropic drug for 
the treatment of autism has been found and there jexists 
a strong need to develop such a drug. 



(I) 



(wherein R is 



OH 



OH 00 



OCOCH3 

CHj 



OCOCH} 




CHj. 



OH 



— CH3. CH2OH or 
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SUMMARY OF THE INVENTION 

The present inventors obtained observations that 
indicate impaired cellular transport of aromatic amino 
acids in representative cases of children suffering from 
infantile autism. They therefore postulated that insuffi- 
ciency of serotonin and catecholamines in the brain 
could cause autism and on the basis of this hypothesis, 
the inventors administered 5HTP (5-hydroxytrypto- 
phan) and L-DOPA 0«e., precursors for serotonin and 
catecholamines) to autistic children. In many cases, 
their symptoms were generally relieved but, in some «q 
cases, the symptoms were aggravated, probably be- 
cause of overdosing of these drugs. 

Therefore, instead of administering these two precur- 
sors, the present inventors used tetrahydrobiopterin 
which is a coenzyme for the hydroxylase of aromatic 
amino acids and which is a rate-limiting factor for the 
synthesis of serotonin and catecholamines. This com- 
pound turned out be surprisingly effective in the treat- 
ment of autism. The present invention has been accom- 
plished on the basis of this fmding. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a graph depicting the blood level of Trp-ds 

as a function of time after it was administered per-orally 

to autistic chUdren; 
FIG. 2 is a graph showing the blood level of Phe-ds 

as a function of time after it was administered pre-orally 

to autistic children; 



or a salt thereof as an effective ingredient. 
Examples of an effective .ingredient in the pharma- 
^ ceutical composition of the present invention include 
the compounds listed below and salts thereof: 



(I) L-erytbro-5,6,7.8-letrahydrobiopteriii: 
? H OH 



N 




OH 



55 



60 



65 



(2) DL-S,^7.8-ietrahydrobiopieriii: 

(3) ]',2'-diacetyl-SA7.S-letrahydrobiopterin: 



H2N' 




OCOCHj 



(4) sepiapterin: 
O 



H 



H2N 



(5) 6-ineUiyl-S.6t7.8-letraliydroptcriil: 
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-continued °' auxiliary components 

O ^ shown above, then granulating the mixture, and classi- 

II fying the granules by screening through a sieve, 

HN "^if^ ^*Y^ ^ tablet may be prepared by compressing or other- 

I 11 J 5 wise forming one or more of the active ingredients, 

Ujj^*^^ ^ ^ optionally with one or more auxiliary components. 

H The capsule may be prepared by first making a pow* 

der or granules as an intimate mixture of one or more of 
(6) 6.phenyi-3,6»7.8-ictrahydropieria: the active ingredients with one or more auxiliary com- 

n H t — \ 10 ponents, then charging the mixture into an appropriate 

^ N \ capsule on a packing machine, etc. 

T T\ J The pharmaceutical composition of the present in- 

^ \sssss/ vention may be formulated as a suppository (for rectal 

''^N N N administration) with the aid of a common carrier such a 

" 13 cocoa butter. 

■ . , czr-»o , The pharmaceutical composition of the present In- 

Among the compounds shown above, 5 6,7,8.tetrahy. ^^ntion may also be formulated in a dosage form suit- 
drobioptenn and s^ts thereof are preferable In consid- fo, non-parenteral administration by packaging one 

eration of several factors such as toxicity. L-erythro- ^^^^ ^^^^ ingredients as dry solids in a sterile ni- 

fef V bl^^^^^ trogenpurged conSh^. The reciting dry formSati^ 

The compounds of formula (1) are known and are T.f .*!^'c *^"!;!^^ to patients non-parenterally after 
described in, for example, Japan^e Patent Public Dis- f '^^"^ °' « ^'"^"'^^ ^^P- 

closure Nos. 25323/1984 and 76086/1984. Illustrative f' r r u, 

salts are those with phannaceuticaily nontoxic acids 25 . ^°/f ^°!™. P/^f^^^Wy prepared from a 

such as hydrochloric acid, phosphoric acid, sulfuric mixtureoftheactivemgredients, routmeauxihary com- 
acid, boric acid, acetic add and formic acid. Salts of tie PO^^nts and^ one or more of the antioxidants listed 
compounds of formula Q) with such acids are also in- desired, the formulations may further contam 

cliided in the definition of the "active ingredient" in the °5 more auxiliary components selected from among 

pharmaceutical composition of the present invention. 30 exapient^ buffers, fiavonng agents, binders, surfac- 

The pharmaceutical compositions of the present in- ^^^^ thickenmg agents, and lubncants. 
vention may be prepared by formulating them in dosagr™ " The dose of the active compound of formula (I) will 
forms which are suitable for peroral, rectal or nonpar- course vary with the route of administration, the 

enteral administration, the last-mentioned including severity of the disease to be treated, and the patient to 
intravenoos injection and administration into the cere- 35 ^ treated, but the exact dose ultimajtely chosen should 
brospinal fiuid. For tiiis purpose, common carriers and Sood discretion of the doctor responsible 

routine formulation techniques may be employed. ^^r the treatment. 

"Common carriers" means those which are employed ^ ^^se whichis appropriate for the treatment of autis- 
in standard pharmaceutical preparations and mcludes ^ic disorders generally ranges from 0.1 to 50 mg/kg 
excipients, binders and disintegrators the choice of 40 body weight/day, and a typical effective dose is Svitfiin 
which depends on the specific dosage form used. Typi- range of 0.5 to 10 ragAg body weight/day. 

cal examples of the excipient are starch, lactose, su- ^ desired dose is determined, the active mgredient 

crose, ^ucose, mannitol and cellulose; illustrative bind- ^nay be administered once a day or, alternatively, it may 
ers are polyvinylpyrrolidone, starch, sucrose, hydroxy- ^ administered in up to four portions dafly at suitable 
propyl cellulose and gum arable; illustrative disintegra- 45 intervals. 

tors include starch, agar, gelatin powder, cellulose, and * active ingredient may be straightforwardly ad- 

CMC. Any other common excipients, binders and disin- ministered without being mixed with any other compo* 
tegrators may also be employed. nents. However, for. several reasons, typically for the 

In addition of the carriers described above, the phar* purpose of providing ease in controlling the dose level, 
maceutical composition of the present invention prefer- 50 active compound is preferably administered, in a 
ably contains antioxidants for the purpose of stabilizing pharmaceutical dosage form. 

the effective ingredient. Appropriate antioxidants may In addition to the compound of formula (I), the dos- 
be selected from among those which are commonly age formulation of the. pharmaceutical composition of 
incorporated in pharmacueticals and include ascorbic the present invention may contain S-hydroxytrypto- 
acid, N-acetylcystein, L-cystein, dl-a-tocopherol,' and 55 phan (5HTP) and/or L-dopa (L-DOPA) as an auxiliary 
natural tocopherol. These antioxidants are preferably active ingredient It has been observed that the corn- 
used in amounts that stabilize the active compound and bined use of these active ingredients proves even more 
the weight ratio of the antioxidant to the active com- effective in treating autism than when the active ingre- 
pound generally ranges from 0.2 to 1.5. dient of formula (I) is used alone. If two or more active 

Formulations of the pharmaceutical composition of 60 ingredients are used, their proportions are not limited to 
the present invention which are suitable for peroral any particular value but, as guide figures, 5HTP and/or 
administration may be provided in the form of tablets, L-DOPA may be used in amounts, on a weight basis, of 
capsules, powders, granules, or suspensions in non- 0.1 to 10, preferably 0.5 to 2 parts, per 1 part of the 
aqueous solutions such as syrups, emulsions or drafts, active ingredient of formula (I), 
each contwning one or more of the active compounds in 65 If a pharmaceutical composition containing the mix- 
predetermined amounts, ture of active compound (I) and 5HTP and/or L- 

The granule may be provided by fu-st preparing an DOPA is used in treatment of autism, an appropriate 
intimate mixture of one or more of the active ingredi- dose is such that the suna of the active ingredients 
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ranges from 0.1 to 50 mgAg body weight/day, prefera- 
bly from 0.5 to 10 mgAg body weight/day. 

Whether the patient should be treated with a prepara- 
tion containing the cximpound of formula (I) as the sole 
active mgredient or with a preparation containing both 
the compound (I) and 5HTP and/or L-DOPA will be 
decided by the good judgement of the doctor depend- 
ing upon the patients age and or the seventy of the 
disease. 

As already mentioned, the active compounds which 
are most preferable for use in the treatment of autism 
are optically active L-crythro-5,6,7,8-tetrahydrobiopt- 
erin and salts thereof. They may be replaced by ana- 
logues thereof, such as DL-tetrahydrobioplerin, r,2'- 
diacetyltetrahydrpbioptcrin, sepiapterin, 6-methyl- 
5,6,7,8-tetrahydropterin, 6-phenyl-5,6,7,8-tetrahydropt- 
erin, and salts thereof. It should, however, be empha- 
sized again that from the viewpoints of nontoxicity and 
other factors, L-erythro-5,6,7,8-tetrahydrobiopterin 
which exists in vivo is most preferable. It will be inter- 
esting to note that the acute toxicity of the L-erythro- 
5,6,7,8-tetrahydrobiopterin dihydrochloride which was 
administered to rats per-orally was 2 gAg or more, 25 
indicating the substantial absence of toxicity in this 
compound. The non-optically active form, DL-tetrahy- 
drobiopterin, also presents low toxicity as demonstrated 
in the treatment of Parkinson's disease in Japanese Pa- 
tent Public Disclosure Nos. 76086/1984 and ^ 
- 25323/1 984rand may be used for the treatment of au- ■ 
tism. Little acute toxicity is also found in the other 
compounds represented by the formula (I). 

The following examples are provided for the purpose 33 
of further illustrating the present invention but are in no . 
sense to be taken as limiting. 

EXAMPLE I 
(Granules) 40 

One part of polyvinylpyrrolidone (Kollidon 30) was 
dissolved in sterile purified water. The solution was 
uniformly mixed with 10 parts of ascorbic acid and 5 
parts of L<ysteine hydrochloride. Thereafter, 10 parts 43 ' 
of tetrahydrobiopterin dihydrochloride was added and 
a uniform mixture was obtained. 

The resulting solution was added to 59 parts of an 
excipient (mannitol or lactose) and 15 parts of a disinte- 



EXAMPLE 4 
(Injection) 



Teirahydfobiopterin cUhydrochloride 1.5 g 

Ascorbic acid 1.5 g 

L-cysteine hydrochloride a5 g 

Mannitol 6.5 g 
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The above-listed components were dissolved in ster- 
ile purified water to make a volume of 100 ml. The 
solution was sterilized by filtration, put into vials or 
ampules in 1- or 2-ml portions, freeze-dried and the 
contalnen sealed. 

EXAMPLE 5 

(Injection) 

Tetrahydrobiopterin dihydrochloride (2.() g) was 
dissolved in sterile purified water in an oxygen-free 
atmosphere to make a volume of 100 ml. The solution 
was sterilized by filtration, worked up as in Example 4, 
and the container sealed. 

EXAMPLE 6 
(Suppository) 



~r ~ ~- -Trtrahydrobiopterin-dlhydrochloride 1 50 parts 

Ascorbic aciidi 150 parts 

L'cysieinc hydrochloride 50 partt 

A uniform powder prepared from these components 
was dispersed in 9,950 parts of cocoa butter. 



EXAMPLE? 
(Granules) 



TetrahydnAiopterin dihydrocJiloride 5 parts 

AscorUcadd S pans 

L-cysteinc hydrochloride 2 parts 



A uniform solution was prepared from these compo- 
nents, and added to a uniform mixture of mannitol (55 

^ parts), polyvinylpyrrolidone (1 part), hydroxypropyl 

grator [com starch or hydroxypropyl cellulose (LH- 50 cellulose (14 parts) and 5-hydroxytryptophan (5 partsX 
22)] and the kneaded mixture was granulated, dried and kneaded mixture was granulated, dried and sieved, 

sieved. 
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EXAMPLE 8 
(Granules) 



EXAMPLE 2 
(Tablets) 

A uniform solution of tetrahydrobiopterin was pre- 
pared as in Example 1 and mixed with 58 parts of lac- 
tose and 15 parts of microcrystalline cellulose. To the 
mixture, one part of magnesium stearate was added and 60 
the resulting mixture was peiletized to form tablets. 

EXAMPLE 3 

(Capsules) These components were worked up as in Example 7, 

Granules as prepared in Example 1 were charged into followed by granulation and sieving, except that 5 parts 

capsules, with 0.2% magnesium stearate incorporated of 5-hydroxytryptophan was replaced by 10 parts of 

as a lubricant L-DOPA. 



Tetrahydrobiopterin dihydrochloride 


S 


parts 
parts 


Ascoibic acid 


S 


L-cysteine hydrochloride 


3 


pans 


Mannitol 


92 


partt 


Polyvinylpynolidone (Kollidon 30) 




part 


Hydroxypropyl ceHulose (LH-22) 


12 


parts 
parts 


L-DOPA 


10 
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EXAMPLE 9 detected in the brain 30 minutes later whereas 

no detectable amount of 5HT-d2 was found in the other 

(Granules) organs checked, the only exception being the intestinal 

tract where a very small amount of 5HT-d2 was de- 

Tetrahydrobiopierin dihydrochloride ^ '^^^ indicates that although scrotonin synthesis 

Ascorbic add 5 partt ^ the brain IS very rapid, it is not synthesized in either 

L-cy$icinc hydrochloride 2 parts platelets Or plasma in the blood until several hours have 

passed from the administration of Trp-d2. 

A uniform solution was prepared from these compo- Clinical observations of hish serotonin levels in autis- 

nents, and added to a unifonn mixture of 5-hydroxy. children would be explained as follows: impaired 

tryptophan (5 parts), L-DOPA (10 parts), mannitol (50 absorption of tryptophan by the intestinal tract causes 

parts), polyvinylpyrrolidone (Kollidon 30) (1 part) and excessive, although gradual, synthesis of serotonin in 

hydroxypropyl cellulose .(LH-22) (9 parts). The that location, from, which excess -serotonin is taken up 

kneaded mixture was granulated, dried and sieved. by platelets. It is therefore postulated that high seroto> 

The definition of autism and the legitimacy of Its nin levels in the blood do not necessarily mean high 

treatment with tetrahydrobiopterin based on biochemi- serotonin levels in the brain, and that the reported as- 

cal observations are discussed below. sumption of high serotonin levels in the brain of autistic 

DEinfaT,ONANDDUONOS.SOFAmTSH ^ ""a^* "Sj'Su oT 0,. h,po.h^ 

The WHO defines infantile autism as follows: (1) it is ■ levels of serotonin and catecholamines decrease in the 

a syndrome manifested within 30 months of birth; (2) it brain of autistic patients, the present inventors adminis- 

involves abnormal responses to visual and auditory tered very small amounts of 5HTP (5-hydroxytrypto- 

stimulations (such as impaired understanding of Ian- phan) and L-DOPA, precursors of these amines, to the 

guage. retarded development of language, and bizarre patients. The results were remarkable but the adrainis- 

echolalia); (3) it involves impaired social and interper- tration of these precursors required very strict dose 

sonal relations; and (4) it involves frequent stereotyped control since any overdosage aggravated the symptoms 

or manneristic behaviors. Patients to be treated by tet- of the patients because of the irritating action of the 

rahydrobioptenn were selected by examination to drugs. 

check whether their symptoms satisfied the WHO's The present inventors therefore reached the idea that 

defimoon of autism. Clinical symptoms and changes in better results would be obtained if, in addition to these 

abnormal behaviors were evaluat^^^^ the "Rating amine precursors which regulate the levels of serotonin 

Scale for Abnonnal Behaviors m ChJdren" and "Chil- and catecholamines in the brain, tetrahydrobiopterin 

dren's Behaxnor Checklist" prepare^ the "Study which is a coenzyme that is involved in the biosynthesis 

Group on Behavioral Disorders m Children". ^^ese amines ^ their regulators was administere. The 

RESULTS OF BIOCHEMICAL STUDIES OF therapeutic effects of this coenzme, optionally in combi- 

AUTISM nation with 5HTP and/or L-DOPA, were remarkable 

Children with infantile autism who were selected on '"^^^ 

thebasisof examination in consideration of the WHO'S Tk- i u * n j *v 
definition were given perorally deuterated-phenylala. 40 J?!JP^T , fn ^ "^^^^^^^ 

nine Oabelled on the aromatic ring and hereLftir ab- "^"""V^ He avoided 
breviated as Phe-dj) and deuterated tryptophan Ha- f ^ ^^^^^ lacked verbosity, two typical 
belled on the indole nucleus and hereinafter abbreviated ^ymp oms of autism. An interview with the patoent 
as TnMl5). The results of analyses of Phe^j, ThmIj and that he was abnomal with respectto 23 out of 
Tyr^ (deuterated tyrosine produced as a result of 45 ^e 24 , terns m Checklist for the History of Abnormal 
metabolization of Phe-dj and labelled on the aromatic behaviors prepar^ by the • Study Group on Behav- 
ring) in blood are shown in FIGS. 1 to 3, from which Disorders m Chfldren". The patient was six years 
one can clearly see impaired transport of Trp-dj and ^ brought to Musashi 
Tyr-d4 into the blood. The data in FIGS. 1 and 2 show National Nursmg Home, Tokyo. Japan. Among, the 
impaired uptake of Trp-ds and Phe-dj, and the Tyr^U 50 f"ost noticeable of his symptoms were: hyperkihesis, 
disappearance curve in FIG. 3 differs entirely from the inability to mteract with other people, echolaria, de- 
normal curve. These results suggest that infantile autism «:holaria, inability to make communicative 
involves abnormal transport of aromatic amino acids, speech, mability to verbalize, animal noise, sloppiness, 
and this phenomenon exist not only between blood and attachment to certain objects. The patient was not 
the intestines but also between blood and the bram. 55 able to get along with classmates. Pimozide, pentoxyp- 
Impaired uptake of aromatic amino acids would reduce hylline and calcium hopantenate were either ineffective 
the supply of amino acids into the brain, which may lead ^^^^ continued administration was impossible. His 
to chronic insufficiency of serotonin and catechola- symptoms were not relieved by administration of 10 
mines in the brain. In the formation of serotonm, the nigAg of L-DOPA,* on the contrary, this drug aggra- 
tryptophan level could be an enzymatic activity limiting 60 vated the patients symptoms and, hence, its application 
factor. was discontinued. 

On the other hand, high blood serotonin levels in Starting six weeds after the administration of L- 

autistic children have been reported and the present DOPA was discontinued, 5HTP was administered at a 

inventors have confirmed that this is an indisputable dose of 1 mgAg/day. Eight weeks after the commence- 

fact. However, when deuterated tryptophan-3-3-d2 65 ment of 5HTP administration, the frequency of echola- 

(hereunder abbreviated as Trp-da) was administered to Ha decreased and the patient started to utter normal 

rats either perorally or by intraperitoneal injection, a words and sentences. In the ninth week, 2 mg/kg of. 

large amount of deuterated serotonin (hereunder 5HT. L-DOPA was administered in addition to 5HTP; the 
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patient acquired the ability to lead a school life and 
interact with other children but no further improve- 
ments were attained. Tlierefore, the administration of 
L-erythro-5,6,7,8-tetrahydrobiopterin (hereunder 
fiPH4) was incorporated in the regimen. 

When 2.5 mgAg/day of BPH4 was administered in 
addition to 5HTP and L-DOFA, the patient got excited 
for a while but at day he became less excitable, and 
thereafter, he was weU disciplined and could play with 



10 



years and 8 months old, the patient was unable to speak, 
did not obey verbal instructions, was hyperactive 
lacked outward expressiveness, and showed abnormal 
attachment to objects. Pimozide, pentoxyphylline and 
calcium hopantenate were ineffective. The patient was 
five years old when he was hospitatized at Municipal 
Children's Health Center, Osaka, Japan. 

The patient was given L-DOPA at a dose of 10 
mgAg/day. At day 10, he showed increasing interest in 



other children. One week later, the administration of 10 other people and manifested other responses which 



5HTP and L*DOPA was discontinued and only BFH4 
was given at a dose of 2.5 mgAg/day, but the symp- 
toms of the patients were further relieved. 
One week after the administration of BPH4 alone, 



were, however, by no means pronounced. 

At day 1 1 and afterward, both 5HTP (1 mgAg/day) 
and L-DOPA (10 mgAg/day) were administered. 
About two weeks after this combined drug regimen, the 



5HTP (1 mgAg/day) was again admmistered in combi- 13 patient started to respond to other person's calls and to 
rr^T,,. . - verbalize his feelings. However, the improvement was 

not appreciable and the drug treatment was suspended 
after four weeks. 
In the fifth week and afterward, the patient was given 
20 BPH4 (1 mgAg/day) alone. The patient's interpersonal 
transactional mode improved and he responded to se- 
lected persons, enabling others to infer his emotions. He 
expressed his emotions with words and he showed in- 
creasing interest in exercising the whole body and play- 



nation with 1 mgAg/day of BPH4. After one week of 
the combined administration of BPH4 and 5HTP, the 
patient became normal in terms of understanding in* 
structions, playing, sleeping and interacting with his 
family. He even became able to attend school, walk 
alone, and go out of his home in the same way as normal 
children. In view of such pronounced improvements, 
the administration of BPH4 was discontinued at week 6 
and only 5HTP was administered thereafter. Then, the 



patient feel again into hyperkinesis, requently uttered 25 ing ball. The overall improvement was pronounced 
animal noises, and refused to stop this undesirable be- In the seventh week and afterward, the patient was 
havior when ordered to do so verbally. His symptoms given both BPH4 (1 mgAg/day) and 5HTP (1 
were further aggravated when the administration fo mgAg/day). He showed belter understanding of lan- 
5HTP was suspended. guage and became able to develop a social life with 

Following a suspension of about 8 weeks in the ad- 30 other children. He also learned to count numbers and be 
-ministration of drugsrthe administration fo BPH4 above- — rpatientrThe improvements were great. 
(1 mgAg/day) was resumed. The patient still suffered When the drug application was discontinued in the 
from hyperkinesis and would laugh to himself. How- 12th week, the patient gradually post his patience, got 
ever, his ability to understand language improved and easily excited and showed a tendency to avoid eye 
he became able to interact and converse with othere 35 — - . . 

people, making appropriate responses to them (FIG. 4 
and Table 1). 



contact. During a 10-day intermission, the symptoms of 
the patient became seriously aggravated. 
After the 10-day intermission, the administration of 



TABLE 1 



Changes in Symptoms of Case 1 at Various Stages of Dnig Administration 



Before 
Treat- 
ment 


L-DOPA 
(10) 


5HTP(2) 


5HTP (1) + 
L-DOPA 
(2) 


BH4 (2.5) 
3HTP (I) + 
L-DOPA (2) 


BH4 

(2.5) 


BH4(I) -1- 
5HTP(I) 


5HTP(2) 


BH4(I) . 


+ + 


+ + + 


+ + 


+ + 






± 


+ + 


+ 


+ + + 


+ + + 




+ + 




+ + 


+ 


+ 


+ 


+ + + 


++ + 


+ - + + 


+ - + + 


+ - + + 


+ - + + 


+ 


+ + 


+ 


+ + 


+ + 


+ 


• + 


+ 


+ 


+ 


++ 


+ 




+ + 


+ 


+ 


+ - + + 


+ 


± 


+ + 


+ 




+ + + 


+ 


+ 


+ 


+ 




+ + 


± 




+ + 


+ 


+ 


+ 




± 


+ + 


+ 


+ + + 


+ + + 




+ 


+ 


+ 


+ 


+ - + + 


+ 


+ -»- + 


+ + + 


+ + 




+ 


± 




+ 


± 


+ + + 


+ + + 




+ 


+ 


± 


± 


+ 


+ 


+ + 


+ + 


+ 


+ 


+ + 


+ - + + 




4-- + + 


+ 


+ + 


+ + + 


+ 


+ 


+ 




• 

+ 


+ - + + 


+ 


+ 


+ + + 


± 


+ - + + 


+ - + + 


± 




+ 






aggra- 


slightly 


improved 


slightly 


improved 


markedly 


aggra- 


improved 




vated 


improved 




aggravated 




improved 


vated 



Hyperkinesia- 
Emotional Labfllty 
Attachment 
Refinal 

Poor veibalizatioa 

Echolaria 

Poor understanding 
Lock of communicadoo 
Inability to play 
Poor adaptability 
Steteotypcd behavior 
Iniistenee on the pre- 
servation of sameness 
Trouble in sleeping 
Rating of improvement 



+ + +: obDomulities very 
•f +: nbnormaniio pronounced; 
+: abaonnalirics ilight; 



Case 2: 5-year-old boy 

Since earliest infancy, the patient manifested such 
symptoms as the avoidance of eye and human contact 
Interview with the patient revealed that he was abnor- 65 
raal with respect to 22 out of the 24 items in the Chil- 
dren Behavior Checklist prepared by the "Study Group 
on Behavioral Disorders in Children*'. When he was 4 



BPH4 (1 mgAg/day) and 5HTP (1 mgAg/day) was 
resumed. The improvement in the patient's ability to 
understand language, interact with other people, and 
respond to other person's calls was so remarkable that 
the patient almost looked like a normal child (FIG. 5 
and Table 2). 
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TABLE 2 





Chanses fai Symptoms of Case 2 at Various Stascs of Drus Administration 


BH4(1) + 
5HTP(1) 


Before 
Treatment 


L-DOPA (10) 


3HTP (1) 
L-DOPA (10) 


BH4<1) 


SHTP (I) 


After 

1 n termicciAn 
inicrnusMvn 


Hyperkinesis 


+ + 


+ + 


+ 


+ 


± 


+ 




Emotional luibility 


+++ 


+ 








+ + 




Atiachmcnt 


+ + + 




+ + — h 


+ 


+ 


+ 


+ 


Refusal 


++ + 


+ + 


+ 


— 


— 


+ 




Poor verlnlixatioo 


» 1 t 

T + + 


+ + + 


+ + + 


+ 


+ 


+ + 




Echolaria 








+ 


+ 




± 


Poor understanding 


+ + + 


+ + 


+ 


± 


± 


-1- 


± 


Lack of communicadoD 


+ + + 


4 


+ 


± 




+ + 


± 


Inability to play 


+ + + 




+ 


+ 


± 


+ 


± 


Poor adaptability 


+ + + 


+ 


+ 


+ 


± 


+ 




Stereotyped behavior • 


+ + 


+ + + 


+ + 


+ 




+ 


± 


Insistence on the 


+ + + 


+ + + 




+ 


+ 


+ 


■ ± 


preservation of samenra 
















Trouble in sleeping 




+ 












Rating of improvement' 




slightly 


improved 


markedly 


drastically 


aggravated 


drasticalty 






improved 




improved 


unproved 




improved 



+ + <f : abnormalities very pronounced; 
4- -f : abDormalities pronoonccd; 
4- : abnonnaltties sKglit; 
— : abnormalities onncdeertrfe 



The above*described cases are totally representative 
of autistic patients and were objectively supported 
the Checklist of Medical History and the "Rating Scale 
for Present Abnormal Behaviors in Children" prepared 
by the -'Study Group on Behavioral Disorders in Chtl* 
dren". The present inventors administered BPH4 to 
these representative cases and attained strikingly good 30 
results. The ability of BPH4 to alleviate the symptoms of 
autism was also demonstrated by the fact that the pa- 
tients got worse as a result of discontinuation of drug 
treatment and that they changed for better when drug 
administration was resumed. 

Remarkable effects were attained even when BPH4 
was administered alone, but the two case studies dem- 
onstrate that satisfactory results could also be obtamed 
by using BPH4 in combination with 5HTP and/or with 
L-DOPA capable of increasing the levels of catechola- 
mines in the brain. 
We claim: 

1. A method for ameliorating disorder of infantile 
autism, wherein an autistic child receives a pharmaceu- 
tical composition comprising a compound of the for 
mula: 



ive OH 
«d OH 




CH3. 



0(X>CH3 



OH 



CH3.-CH:OHor 



40 



45 



or a salt thereof as an effective ingredient^ at a dose 
35 wherein the amount of the effective ingredient received 
is in the range of O.i to 50 mg/kg body weight/day 
together with a pharmaceutically acceptable carrier. 

2. A method according to claim 1, wherein the phar- 
maceutical composition further contains an anti-oxydiz- 
ing agent selected from the group comprising ascorbic 
acid, N-acetylcysteine, L-cysteine, dl-a-tocopherol and 
natural tocopherol 

3. A method according to claim 1, wherein the 
amount of the effective ingredient received is in the 
range of 0.5 to 10 mg/kg body weight/day. 

4. A method, according to claim 1, wherein R is 



HN 



H2N^ N 



0 " 



50 



CH3 



OH 



(wherein R is 



5. A method according to claim 1, wherein the effec- 

tive ingredient is L-erythro-5,6,7,8*tetrahydrobiopterin. 
* « « • 41 
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EXHIBIT P 




i ; MEDICAL FOODS FOR THE DIETARY 
■MANAGEMENT OF PHENYLKETONURIA 



Amino Acid Bars 







■ 
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Amino Acid Bars 

PhenylAde Amino Acid Bars are an innovative l\4edical 
Food intended to provide an alternative source 
of protein, fat and carbohydrate for the 
dietary management of PKU. PhenylAde 
Amino Acid Bars can supplement all 
or part of the protein prescription when 
traditional liquid formula is insufficient 
or not tolerated. Available in 3 delicious 
flavors, PhenylAde Amino Acid Bars look, 
taste and smell like real chocolate. 



Combine with PhenylAde DHnk Mix* 
and Amino Acid Blend^ for a 
flexible PKU Diet 



cAoco/ate^ crisfy^ 




APPUED NUTRITION 



COfpOTBtUUt 



mmu PhenylAde 

Amino Acid Bars 

Features 

- Supplies a full 10 grams of Protein Equivalent 

- Individually wrapped bars 

- Looks, smells and tastes like a real chocolate bar 



Directions for Use 

For use in the dietary management 
of Phenylketonuria under the medical 
supervision of a physician. PhenylAde 
Amino Acid Bars can be used by 
children, teenagers, adults and 
pregnant women and must be taken 
in combination with low protein foods. 
A vitamin/mineral supplement may be 
necessary to complete a nutritionally 
balanced diet. PhenylAde Amino Acid 
Bars do not contain added vitamins 
or minerals so that the attending 
physician can prescribe the appropriated 
vitamin/mineral supplement as part 
of a total diet plan. 
NOT FOR INFANTS UNDER ONE 
YEAR OLD. 




Storage 

Store in a cool dry place, can be refrigerated if desired. 
Avoid direct heat or sunlight. 

Warning 

Do not heat medical food or try to use in cooking. 

Order Information 

i^harmacists: 

All PhenylAde products can be special ordered from your 
wholesaler as a "drop-ship item" or they can be ordered directly 
from the manufacturer, Applied Nutrition Corp. For customer 
service CALL TOLL FREE (800) 605-0410. 

Metabolic Professionals: 

Contact info@medicfaffood.com or call (800) 605-0410 for 

samples and additional product infomriation. 

Retail Customers: 

All PhenylAde products are available through your retail phamnacy. 
Please allow sufficient time for your first prescription to be 
shipped and fulfilled. To order directly from the manufacturer 
please call (800) 605-0410 between 8:30 am and 5:00 pm EST 
. or FAX your order anytime to (973) 361-6707. 



Nutrition 

/ T - 7 Chocolate &' Chocolate 



Calories 


270 


270 


Serving Size 


1 bar (47g) 


1 bar (50g) 


Protein Equivalent, g 


10 


10 


Source 


L*Amino Acids 


L-Amino Actds 


; mg 






L-Alanine 


938 mg 


987 mg 


V ^L-Arginihe 


799 


851 


L-Asparagine 


1397 


1477 


V bCamitine 


IP 


. 10 


L-Cystine 


134 


144 


S L^iutamine 


1547 


1647 


Glycine 


604 


642 


5\ t>H|stidine 


249 


266 


L-lsoleucine 


399 


427 


? :L4:eucine 


8^ 


944 


L-Lysine 


908 


957 


;L-Methionlne 


265 , . 


■ 282 


L-Phenylalanlne 


0 


8* 


A. i^^»iblirie 




^;^';j]B39 


L-Serine 


996 


1048 


)laurine 


30 


31 


L-Threonlne 


470 


500 


L-tryptophan 


150 


159 


L-Tyroslne 


924 


976 


v:i>\^ne 


€69 


711 


Fat.g 


18 


17 


Source 


Cocoa Butter 


Cocoa Butter 


Saturated Fat 


11 


10 


Monounsaturatedfat 


6 


6 


Polyunsaturated Fat 


1 


1 


Uhpleic Add. g 


55 


.25 


Unolenic Acid, g 


.07 


.07 


CHdIesterol, mg 


0 


0 


Carbohydrate, g 


17 


19 


: Source 


Sucrose 


Sucrose, 
Crisp Rice 



*Crisp rice adds a small amount of protein including Phenylalanine. 







•"'^"^AhriiiiO'ACid'Barslf^^'v5/-?i-' 
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02002 AppRed Nutrition Corp. AN 1464 HAS 
PhsnylAdB is a fsgistflrsd tiwtonwk of Appliod Nutrition Coip. 



4 



APPLIED NUTRITION corp 
METABOLIC NUTRITION SUPPORT 




TM 



AMINO ACID BLENDS 



PhenylAde Amino Acid Blends are specialized mixtures of 
. essisntial and non-essentlat amino acids designed for the 
'dietary management of Phenylketonuria. As modular medical 
foods, PhenylAde Amino Acid Blends can provide flexibility 
in diet prescription, thus improving diet adherence and 
reducing formula fatigue. 

The development of this product was inspired by the need to 
add variety to the approach of diet management in a realistic 
and appetizing manner. Research published in the Journal of 
Inherited Metabolic Disease* proved PhenylAde Amino Acid 
Blends are an effective alternative to the typical "all-in-one" 
medical foods. Study participants were prescribed different 
combinations of nutritionally complete and incomplete med- 
ical foods. PhenylAde Amino Acid Blend was rated the high- 
est on a food sensory scale (see diagram below), and at the 
end of the five-year study more people remained on a diet 
plan which included PhenylAde Amino Acid Blend in com- 
parison to the alternative medical foods. This approach to a 
PKU-diet has been recognized as safe due to the results of 
this study. Throughout the five-year period, normal growth 
was maintained. 



FEATURES: 

« Mixes easily into ready-to-eat foods and beverages. 

« PhenylAde Amino Acid Blends can be used to fortify PKU 
medical formulas, in some cases decreasing the volume 
necessary to consume. 

• Convenient pre-measured pouches. 

• Each scoop or pouch of PhenylAde Amino Acid Blend pro- 
vides 10 grams of protein equivalent making short and 
long-term diet adjustments easier. 

• A serving of PhenylAde Amino Acid Blend can be substi- 
tuted for a serving of other PhenylAde products for variety 
and flexibility. 

INITIAL MEDICAL FOOD SENSORY EVALUATION RATINGS 

Rating Scale: 

5 = like extremely 

4 = like 

3 = neither like or dislike 
2 = dislike 

1 = dislike extremely 



PhenylAde Amino Acid Blend Added To Lemon Pudding 


4.9 


4.9 


4.8 


4.8 


4.7 


PhenylAde Amino Acid Blend Added To Tomato Sauce 


47 


4.5 


4.S 


4.5 


4.6 


PhenylAde Amino Acid Bar 


4.0 


4.0 


4.5 


4.0 


4.8 


PhenylAde Drink Mix Vanilla Ravored 


3^ 


3.3 


3.9 


3.2 


3.1 




'Prince, A.P.. McMurry. M.P. and Buisi. N.R.M.. 
Journal of Inherited Metabolic Disease. August 1997 





NUTRITION: 



1 : - 


AMINO ACID BLEND 


MTE AMINO ACID Bl^D 


Calories 


42 


42 


Serving Size. 9 


13 (per scoop or pouch) 


13 (per scoop or pouch) 


Protein Equivalent, g 10 


10 


Source 


L-Amino Acids 


L-Amino Acids 


Amino Adds, mg 




L-Alanine 


1018 mg 


992 mg 


L-Arginine 


866 


845 


L-Asparagine 


1516 


1477 


L-Camttine 


11 


10 


L-Cystine 


146 


142 


L-Glutamlne 


1679 


1635 


Glycine 


655 


638 


L-Histidine 


271 


264 


L-lsoteucine 


433 


422 


L-Leucine 


964 


939 


L-Lystne 986 


960 


L-Methionine 


287 


280 


L-Phenylalanine 


0 


0 


L-Prollne 


655 


638 


L-Serine 


1081 


1053 


Taurine 33 


31 


L-Threonine 


509 


497 


L-Tryptophan 


163 


159 


L-TVrosine 


1002 


976 




726 


707 


Minerals 




Calcium, mg 


0 


59 mg 


Phosphorus, mg 


0 


59mg 


Magnesium, mg 


0 


16 mg 


Molybdenum, pg 


0 


3pg 


Chromium, pg 


0 


3pg 


Selenium, pg 


0 


■ ■ .ipg 



Use this chart as a guide to dev^^^ersonalized diet plans. The 
nutrient composition of all Phe^^mei)rand products is unique, 
but at the same time all provide 10 grams of protein equivalent 
This allows for easy prescription i^djustments and implementation 
into a variety of lifestyles and stages of life. 



PhenylAde Amino A^^^ends are ah appropriate medical 
food for many individuals. Young children, teenagers, adults, and 
pregnant women can benefit from the flexibility and fortification 
characteristics of PhenylAde Amino Acid Blends. 



6 YEAR OLD protein requirement 30 g/day 


PhenylAde Amino Acid Blend 


; PhenylAde ^ihp: Acid fii^hd: ' > [ 


PhenylAde Amino Acid Blend 
PLUS PhenylAde Amino Acid Bars* 


PhenylAde Amino Acid Blend 


3 scoops or pouches 


A SCOPP OT^PC^ 


2 scoops or pouches 


■.. PhenylA^e:DiTnk^M^^ 


0 


■'^y' ■• ./ 2'scTOps 


■ 0 


PhenylAde Amino Acid Bars 


0 




1bar 


Totals from medical foods: 


126 kcal, 30 g protein equivalent 


370 kcal, 30 g protein equivalent 


344 kcal, 30 g protein equivalent 


13 YEAR OLD protein requirement 40g/fSay 








PhenylAde Amino Acid Blend 


4 scoops or pouches 


:; ; : - . 2 scoops or |»uch^ 


2 scoops or pouches 


^ :: PhenylAde;^ 


0 




0 


PhenylAde Amino Acid Bars 


0 




2bars 


Totals from medical foods: 


168 kcal, 40 g protein equivalent 


412 kcal, 40 g protein equivalent 


604 kcal, 40 g protein equivalent 


18 YEAR OLD proteir) requirement 50 Q/day 








PhenylAde Amino Acid Blend 


5 scoops or pouches 


-:^3.aw)pps:or:g^^^ 


3 scoops or pouches 


PhenylAde Drink Mix , . . 


.• ;o-;-..'.::'.:: ; 




0 


PhenylAde Amino Acid Bars 


0 




2bars 


Totals from medical foods: 


210 heal, SO g protein equivalent 


454 kcal, 50 g protein equivalent 


646 kcal, SO g protein equivalent 


MATERNAL PKU prc^ein requirement 60g/day 








PhenylAde Amino Acid Blend 


•B .scoops or pouches 


»;,/;\_->;'3 scbops-or pcwch'e5>4v/l y-: 


3 scoops or pouches 


^;:PHenylAae.D^nIc!MiP^p!|:S 


0 




0 


PhenylAde Amino Acid Bars 


. O'-i-i- = ■■■ 




3 bars 


Totals from medical foods: 


2S? kc8l,~60 g protein equivalent' 


-618 kcalf 60 g protein equivalent 


906 kcal, 60 g protein equivalent 



LU 



< 

I- 

C/5 



G 

> 
< 

G 



* Please see the appropriate PhenylAde Product Guide for complete nutrition information on these products. 

FOR EXAMPLE: If your are currently using a product which contains 25 grams of protein equivalent per 100 grams of powder 
(recommended dilution of 50 grams powder to 1 cup vi^ter), and your protein prescription is for 60 grams/day, it can be 
assumed that your formula for one day will be 240 grams of powder mixed in 5 cups of water. 

To modify this you could: 



1 , Get half of your protein requirement from PhenylAde 
Aniinp Acid Bleiidi 1 20 grams of your traditional formula f 
3 scoops or 3 pouches (39 grams) of PhenylAde Amino Add 
Blerid and mix vyith 2 1/2 cups of water. 

OR ChocKe 3 fockj items throughout the day to mix your 
PhenylAde Amino Acid Blend into (I.e. salad dressing, 
lo-pro pudding, ketchup). 



2. Get all of your protein frbni PhenylAde Amino Acid Blend. 

Mix 6 scoops or 6 pouches 61 PhenylAde Amino Acid Blend 
into 4 cups of your favorite beverage (i;e. Kool-Aid, Tang, 
Lemonade). 

OR Mix 3 scoops or pouches of PhenylAde Amino Acid Blend 
in 2 or more cups of your l^everage of choice and pick 3 
food items throughout the day to mix your blend into. 



These are only a few examples of how PhenylAde Amino Acid Blend can be incorporated into a healthy diet. 
It is easy to adjust the diet when one serving of product equals 10 grams of protein equivalent. You can use any 
combination of the above diet strategies. PhenylAde Amino Acid Blends allow you to be more flexible, however, 
drinking formula at regular intervals, consuming the entire portion of medical food, and following a low protein 
diet remains important. 

PhenylAde Amino Acid Blend is available in two forms: PhenylAde Amino Acid Blend and PhenylAde MTE Amino 
Acid Blend. PhenylAde MTE Amino Acid Blend contains minerals and trace elements that 
are typically lacking in a low protein diet: calcium, phosphorus, magnesium, molybdenum, 
chromium, and selenium. These nutrients are not available in significant quantities in most 
over the counter vitamin/mineral supplements. A vitamin/mineral supplement may be nec- 
essary to complete a nutritionally balanced diet. PhenylAde Amino Acid Blends do not con- 
tain vitamins and minerals so that the attending physician can prescribe the appropriate vita- 
mir^mineral supplement as part of a total diet plan. 

INDICATIONS: 

• Not for infants under one year old. Not for parenteral use. 

« For use only in the dietary management of Phenylketonuria 
under the medical supervision of a physician. 

^ Amino Acid Blends should be used in conjunction with a low 
protein diet and an appropriate vitamin/mineral supplement. 






MIXING INFORMATION AND DIRECTIONS FOR USE: 

Measure prescribed amount of PhenylAde Anr>ino Acid Blend and add to a 
single portion of desired low protein food or beverage. It is important that 
the appropriate serving size is established and the entire portion of food is 
consunned to ensure that all of the Amino Acid Blend has been ingested. 

Do not heat medical food or try to use in cooking. 

For optimal acceptability consider foods that a reasonable portion can 
be mixed with a serving of PhenylAde Amino Acid Blend. For example, 
one scoop or pouch mixes nicely with 1/4 cup of ketchup, dip/salad 
dressing, applesauce, baby food, or low protein pudding. Do not mix 
into only water. Amino Acid Blend is intended to be added to ready-to- 
eat foods and beverages. 

'CfRV MEASURE EQUIVALENTS: 

1 Tbs.=95g blend s 8g Protein Equivalent 32 Calories 

1 SCOOP* OR POUCH = 13g blend -.lOg Protein Equivalent = 42 Calories.. 

1/4 cup =: 40g blend = 33^ Protein Equivalent =: 135 Calories 
1/2 cup 80g blend s 67g Protein Equivalent » 269 Calories 

• SCOOP ENCLOSED IN EACH CAN 

ORDER INFORMATION: 



Product ■[.,-y^.^■' 


Product Code 


Reimbursement Code 


Phen^[MB Amino Acid Bjerid . j 


9500 


00847-0950-00 


PhenylAde Amino Acid Blend Pouches 


95004 


00847-0950-04 


PhenylAde MTE Amino Acid Blend f 


. 9596 


00847-0959-150 


PhenylAde MTE Amino Acid Blend Pouches 95964 


00847-0959-64 



Pharmacists : All PhenylAde products can be special ordered from your 
wholesaler as a "drop-ship item" or they can be ordered directly from 
the manufacturer, Applied Nutrition Corp. 
For customer service CALL TOLL FREE 800-605-0410. 

Metabolic Professionals : Contact info@medicalfood.com or call 
800-605-0410 for samples and additional product information. 

Retail Customers : All PhenylAde products are available through your 
retail pharmacy. Please allow sufficient time for your first prescription to 
be shipped and fulfilled. To order directly from the manufacturer please 
call 800-605-0410 between 8:30 am and 5:00 pm EST or FAX your 
order anytime to 973-361-6707. 
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RECIPES: 

iWpDQBI^S^^ 



2 tablespoons Miracle Whi|) Salad Dressing 
2 tablespoons Cool Whip ; 
4 sco<^ or pouches Aii^nd Ada Biemi 



3 Clips (360 gm) diced apples 
1/2 cup (53 gm) diced celery 
1/4 cup (40 gm) raisins 
1/2 cup (20 gm) mini-marshmallows 

Mix apples, celery, raisins and marshmallows In a large bow). Blend together 
the Miracle Whip, Coot Whip and Amino Acid Blend: mix Into salad. Chili. 
Completed salad can be refrigerated for up to 72 hours. 
Yield: 4 1/4 cups (514 gm). 



Phenylalanine (mg) Protein (gm) Calories 
Per Recipe 76 2.9 689 

Per 1/2 cup (60 gm) serving 9 0.3 108 



PhenylAde 
Amino Acid Protein 
Equhraient (gm) 
40 
4.7 



1 /2 to 1 teaspoon Hidden Valley Salad Dressing Mbt 1 teaspoon Lemon Juice 

3 tablespoons Cool Whip or Rich Whip Topplrig 1 scoop or pouch Amino Acid Btend 

1 /2 to 1 teaspoon Hidden Valley Salad Dressing Mix from a 1 oz. package . : 

Mix all ingredients in a small bowl. Chill. ; ■ , ' 

' Completed dip can be refrigerated for up to 72 hours. PhenylAde 

Yield: 1/2 cup (60 gm). ' Amino Acid Prolehi 

Phenylalanine (mg) Protein (gm) Calories Equivalent (gnl) - 

Using Rich Whip 

Per Recipe 35 " , 0.7 - 390 10 

Per Tablespoon 4 . .0.1 49.25 1.25 

tiging Cwl Whip ' , ^ r'/- - 

Per Recipe 44 '70.8 " 357 10 

Per Tablespoon 5 0:i - 44.25 1.25 



SARAH'S LEMONADE 

1 packet un-sweetened KooWUd 32 ounces of cold water and ice to taste 
5 packets Sweet *N Low 3 scoops or pouches Amino Adil Btomi 

Mix Kool^Aid, Sweet 'N Low and Amino Acid Blend. Add water and ice. 
Mix until powders are dissohred. 

PhenylAde 
Amino Acid Protein 
Equivalent (gm) 
30 
7.5 



Phenylalanine (mg) 
Per Recipe 0 
Per 1/2 cup (60 gm) serving 0 



Protein (smy Calories 
0 0 
0 0 



Add 1 scoop or pouch Amino Acid Blend to 1/2 cup salsa 

Add 1 scoop or pouch Amino Acid Blend to 1/2 ciip bqtUed French Dressing 

Add 1 scoop or pouch Amino Acid Blend to 1/2 cup cherry pie filiing and serve wHIi 
whipped topping 

Try adding to your favorite low protein pudding, baby food or applesauce 
Remember to count the phenylalanine content of the ingredients you use. 



Sweet 'N Low is a registered trademark of Cumberland Packaging. 

Hidden Valley Salad Dressing Mix is a registered trademark of HV Food Products Company. 

Rich Whip Topping is a registered trademark of Rich Products Corp. 

Tang, KooUAid, Miracle Whip and Cool Whip are registered tradentarks of Kraft Foods, Inc. 

Waldorf Salad and Creamy Dressing recipes are courtesy of; Schuett, Virginia E. LOW PROTEIN 
COOKERY FOR PHENYLKETONURIA, 3rd Edition. O 1997. Reprinted by permission of The 
University of Wisconsin Press. 

Nutrition Tip ; 

ADD 1 SCOOP OR POUCH OF PHEtmADB AMINO ACID 
BLEND TO WADmONAl FOBMULA 70 iNCBEASB THE 
AMINO ACID PROTEIN EQUIVAUNT BY 10 GRAMS! 

TRY OTHER PHENYLADE PRODUCTS! 
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ABSTRACT 



A61K 3V495;A61K 31/50; 

AOIN 43/58; AOIN 43/60 
514/250 



The invention relates to the use of at least folic add or a 
folate and teu-ahydrobiopterin (BHJ or derivatives thereof 
for treating or preventing cardiovascular or neurological 
disorders by modulation of the activity of nitric oxide 
synthase (NOS). 

The present invention also relates to the use of at least folio 
add or a folate and tctrahydrobiopterin (BH4) or derivatives 
thereof for the production of a pharmaceutical preparation 
suitable for influendng the nitric oxide (NO) level, particu- 
larly by modulation of the activity of nitric oxide synthase 
(NOS) by reducing superoxide (OJ production and enhanc- 
ing nitric oxide (NO) synthesis. This effect occurs in absence 
of negative changes in other risk factors, e.g. lipids, blood 
pressure and homocysteine. Clinical areas of application 
inchide all anomalies of the nitric oxide level, particularly 
the prevention and treatment of cardiovascular and of neu- 
rological disorders. 

The present invention also relates to pharmaceutical prepa- 
rations comprising at least one compound selected from the 
group consisting of 5-formyl-(6 S)-tetrahydrof61ic add^ 
5-mcthyl-(6 S>teirahydrofolic acid, 5,10-metbylene-(6R)- 
tetrahydrofolic add, 5,10-methcnyI-(6R)-tetrahydrofolic 
add, 10-formyl-(6R)-tetrahydrofolic add, 5-formimino-(6 
S)-tetrahydrofolic add or (6 S)-tetrahydrofolic add or phar- 
maceutically compatible salts thereof, together with tetrahy- 
drobiopterin (BH4) and with pharmaceutically compatible 
active and adjuvant substances, such as L-arginine, tot 
influencing the nitric oxide (NO) level. 
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Figures 

Competitive superoxide trapping by S-methyl'lBSh and --(eRHetrBhyarofottc add in bNOS 
The slope of the curve is much Bteeper for pterln-repleted (soifd circles) than for pterln-free (open circles) 
eNOS, both for 5-methyl-(6S)- as well as -(6R)-tetfahydrofoIlc acid (p<0.05 pterln-repletecJ vs. pterfrvfree 
eNOS). This shows thai 5-methyltetrahydrofoIlc add interferes with enzymatic superoxide productfen by 
pterfn-repleted eNOS. 
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Figure 4 

Effect of tetrahydfobiopterin (BHm) an superoxkle produc^n by eNOS In presence and absence of 5- 
methyHBSJ-tetfahydrofollc acid 

BH4 Induces a dose-dependent decrease in radical-adduct formation (open circles). Preincubation with 6- 
methyl-(6S)-tetrBhydrofolic acid (25 pM) significantly enhances the BH4-associated decrease in radical 
adduct formation by eNOS (closed circles). 
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Effect ofS-mBthyl-(6S)' an(/~(€R)-iatfahydmfolic add and teirahydmbioptartn (BhQ on NO production 
Rerln-free eNOS produces no NO. Addition of BH« results In significant NO productton. Both 5-meth/l- 
(6S). and -{6R)-tetrahydrofolIc acid cause a further increase In NO-produrtlon by pterin-repleted eNOS. 
whereas S-methyltetrahydrofolic acid has no effect on pterin-free eNOS. 
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PHARMACEUTICAL PREPARATION 
CONTAINING AT LEAST FOUC ACID OR A 
FOLATE AND TETRAHVDROBIOPTERIN (BH4) 
OR DERIVATIVES THEREOF USED FOR 
TREATING OR PREVENTING CARDIOVASCULAR 
OR NEUROLOGICAL DISORDERS BY 
MODULATING OF THE ACTIVITY OF NITRIC 
OXIDE SYNTHASE (NOS) 

[0001] Tbe ioventioD relates to the use of at least folic add 
or a folate and tetrabydrobiopterin (6H4) or derivatives 
thereof for treating or preventing cardiovascular or neuro- 
logical disorders by modulation of tbe activity of nitric oxide 
synthase (NOS). Tbe present invention also relates to the use 
of at least folic acid or a folate and tetrabydrobiopterin 
(BH4) or derivatives thereof for the production of a phar- 
maceutical preparation suitable for influencing the nitric 
oxide (NO) level, particularly by moduJation of the activity 
of nitric oxide synthase (NOS) by reducing superoxide {O2) 
production and enhancing nitric oxide (NO) synthesis. This 
effect occurs in the absence of any negative changes in other 
risk factors, e.g. lipids, blood pressure and homocysteine. 
Clinical areas of application include all anomalies of tbe 
nitric oxide level, particularly the prevention and treatment 
of cardiovascular and of neurological disorders. The present 
invention also relates to-pharmaceutical preparations com- 
prising at least one compound selected from the group 
consisting of 5-formyl-(6 S)-tetrabydrofolic acid, 5-metbyI- 
(6 S)-tetrahydrofolic acid, 5,10-metbylene-(6R)-tetrabydro- 
folic acid, 5,10-metbanyl-(6R)-tetrabydrofolic acid, 
10-formy]-(6R)-tetrahydrofolic acid, 5-formimino-(6 S)-tet- 
rabydrofolic acid or (6 S)-tetrahydrofolic acid, together with 
tetrabydrobiopterin (BHJ or pbarmaceuticaUy compatible 
salts thereof and with pbarmaoeutically compatible active 
and adjuvant substances, such as arginine for influencing tbe 
nitric oxide (NO) level. 

[0002] Within this text the term a folate or a derivative 
thereof, if not explicitly defined otherwise, always refers to 
the natural and unnatural stereoisomeric form of each sub- 
stance, pbarmaceutically compatible salts thereof and any 
mixtures of the isomers and tbe salts. As drugs, tetrahydro- 
folates have predominantly been used hitherto as tbe cal- 
cium salt of 5-fonnyl-5,6,7,8-tetraLhydrDfolic acid (leucov- 
orin) or of 5-methyl-5,6,7,8-tetrahydrofolic acid (MTHF) 
for the treatment of megaloblastic folic acid deficiency 
anemia, as an antidote for increasing tbe compatibility of 
folio acid antagonists, particularly of aminopterin and meth- 
otrexate in cancer chemotherapy ("antifolate rescue"), for 
increasing tbe therapeutic efl'ect of fluorinated pyrimidines 
and for the treatment of autoimmune diseases such as 
psoriasis and rheumatoid arthritis, for increasing the com- 
patibility of certain antiparasitic agents, for instance trime- 
thoprim-sulfamethoxazole, and for decreasing the toxicity of 
dideazatetra-hydrofolates in chemotherapy and for influenc- 
ing the homocysteine level, particularly for assisting the 
remethylation of homocysteine. 

[0003] Tbe term tetrabydrobiopterin (BH4) or a derivative 
thereof, if not explicitly defined otherwise, always refers to 
all natural and unnatural stereoisomeric forms of tetraby- 
drobiopterin, pbarmaceutically compatible salts thereof and 
any mixtures of the isomers and the salts. Tbe term tetraby- 
drobiopterin also includes any precursors of tetrabydrobiop- 
terin, especially 7,8-dibydrobiopterin. (6R)-tetrahydrobiop- 
terin is a naturally occuring cofactor of the aromatic amino 
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add hydroxylases and is involved in the synthesis of the 
three common aromatic amino acids tyrosine, phenylala- 
nine, tryptophan and the neurou-ansmitters dopamine and 
serotonin. It is also essential for nitric oxide synthase 
catalysed oxidation of L-arginine to L-citruUin and nitric 
oxide. Tetrabydrobiopterin is involved in many other bio- 
chemical functions, many of which have been just recently 
discovered. 

[0004] Tbe term arginine, if not explicitly defined other- 
wise, always refers to the natural and unnatural stereoiso- 
meric form of arginine. L-arginine, a natural amino acid, is 
the precursor of endogenous nitric oxide (NO), which is a 
ubiquitous and potent vasodilator acting via the intracellular 
second-messenger cG MP. In healthy humans, L-arginine 
induces peripheral vasodilation and inhibits platelet aggre- 
gation due to an increased NO production. Both an excess 
and a lack of production of NO have been linked to 
pathological conditions, including cardiovascular disorders, 
septic shock, inflammation and infection, and brain damage 
in stroke and neurological disorders. The term nitric oxide 
synthase (NOS), if not explicitly defined othcnvise, always 
refers to all isoforms endothelial nitric oxide synthase 
(eNOS), neuronal nitric oxide synthase (nNOS) and induc- 
ible nitric oxide synthase (iNOS). 

[0005] Nitric oxide (NO) has been identified as a mediator 
of atherosclerosis. Therefore it is a therapeutic target in 
cardiovascular prevention trials. It also plays an important 
role in neurological disorders. Biological effects of nitric 
oxide (NO) are not limited to vascular relaxation, but are 
also important in the respiratory, urogenital and gastrointes- 
tinal system, central and peripheral nervous system, neu- 
roendocrine and endocrine systems, and nonspecific immu- 
nity. 

[0006] Nitric oxide (NO) and superoxide (O^ are cyto- 
toxins on their own, yet it has been demonstrated that the 
two TtMyely unreactive radicals can rapidly combine 
(k*3.7xlO M"^ s"^) under pbysiplogical conditions to the 
strong oxidizing agent peroxynitrite (ONOO"). This reac- 
tion is about 3 times faster than the detoxifying catabolism 
of superoxide by superoxide dismutasc (SOD). It is believed 
that the formation of peroxynitrite is an important factor in 
the oxidative damage associated with ischemia/reperfusion. 
A variety of pathologies are associated with the formation of 
peroxynitrite. Peroxynitrite is invariably formed in larger 
amounts when more NO is produced, and/or when an 
elevated level of superoxide prevails. In this regard, patholo- 
gies such as diabetes, atherosclerosis, and ischemia-reper- 
fiision injury, are associated with oxidative stress character- 
ized by an elevated level of superoxide that can lead to 
increased peroxynitrite formation. Also when glutathione 
detoxification mechanism against peroxynitrite is impaired 
critical coDcentrations of peroxinitrite may occur. Recent 
evidence also suggests multiple sclerosis and Alzheimer's 
disease are associated with peroxynitrite formation. In addi- 
tion, peroxynitrite has also been implicated during sepsis 
and adult respiratory distress syndrome. Ischemia and rep- 
erfusion are accompanied by an increase in superoxide due 
to the activation of xanthine oxidase and NAPDH oxidase, 
respecu'vely. Thus, peroxynitrite is likely to be implicated in 
a number of pathologies in which an imbalance of NO and 
superoxide occurs. 

[0007] Several factors can contribute to reduced bioavail- 
ability of NO, ranging firom impaired production to 
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increased degradation, depending on the risk factors 
involved. NO is synthesized by dimers of the 130 kD 
enzyme endolheKal NO synthase in a reaction where argi- 
ninc is oxidized to NO and citrulline. It has been shown that 
eNOS produces superoxide radicals as well as NO. Under 
physiological conditions, NOS predominantly produces NO, 
controlled by the regulatory co-enzyme calmodulin, the 
subsu-ate arginine and the cofactor tetrahydrobiopterin 
(BH4). Under pathophysiological conditions, such as dys- 
h'pidcmia, production shifts from NO to superoxide. Clinical 
studies have shown impaired NO bio-availability in patients 
with (risk factors for) atherosclerosis. Evidence has accu- 
mulated showing that increased production of superoxide 
and increased degradation of NO by superoxide, rather than 
impaired formation of NO is the predominant cause of 
impaired NO bioavailabib'ly in early atherosclerosis. These 
observations indicate that atherogenesis is linked to a patho- 
logical imbalance between NO and superoxide, rather than 
reduced NO production per se. 

[0008] The level of superoxide can be lowered by sub- 
stances showing a relevant scavenging capacity for super- 
oxide radicals. Measurements revealed that arginine does 
not react with superoxide. However, both arginine and 
tetrahydrobiopterin (BH4) arc required to minimize or abol- 
ish superoxide formation by NOS. Tetrahydrobiopterin 
(BH4) shows a reaction rate with superoxide which is 
roughly 2 fold smaller than that of the potent antioxidant 
ascorbic acid and for folic acid, folates or derivatives thereof 
(as an example 5-methyl-(6 S)- and (6R)-teUahydrofolic 
acid have been measured), the reaction rales are about 20 
times slower than that of ascorbic acid. Beside of its tenfold 
lower scavenging capacity folic acid, folates or derivatives 
thereof are different from tetrahydrobiopterin (BHJ or 
derivatives thereof in that achievable plasma concentrations 
are far lower. Upon standard oral suppletion of folic acid (5 
mg p.o.) systemic plasma concentrations of 5-methyltet- 
rahydrofolic acid up to ca. 150 nM are achieved whereas 
upon intra-arterial infusion values of 250 nM were reached. 
Both these interventions have been shown to result in an 
improvement in NO-a vail ability in hypercholesterolcmic 
patients. Still these levels of folic acid, folates or derivatives 
thereof remain orders of magnitude below those of ascorbic 
acid (concentrations up to 50 /iM). 

[0009] Despite of the situation that it has been known that 
"a scavenging effect of BH^ had been remarked*'[Vasque2- 
Vivar, J, et al., Proc. Natl. Acad. Sci. USA., 1998, 95, 
9220-9225], "exogenous BH^ is capable of restoring 
impaired NO activity in prehypertensive rats"[CbscntinD, R 
el al., J. Clin. Invest., 1998, 101, 1530-1537], "exogenous 
BH is capable of restoring impaired NO activity in hyper- 
cholesterolemia patients'XSu-oes, E. at al., J. Oin. Invest., 
1997, 99, 41-46], "exogenous BH4 is capable of restoring 
impaired NO activity in diabetic patients'XPieper, G. M., J. 
Cardiovasc. Pharmacol., 1997, 29, 8-15], "folate therapy 
improves NO activity during hypercholesterolemia in 
vivou"[Woo, K. S. at al.. Circulation, 1998, 97, 1-165-166] 
and [Verhaar, M. C. el al.. Circulation, 1998: 97 (3), 237- 
241), "folic acid and its active form 5-MTHF restore 
impaired NO bioavailability in dyslipidemic conditions" 
[Wilmink, H. et al.. Arteriosclerosis Tbromb Vase Biol, 
2000; 20 (1), 185-8] and [Verhaar, M. C. et al., Circulation, 
1998; 97 (3), 237-241], "clinical studies have revealed that 
the impairment of endogenous vasodilator function 
observed with hypercholesterolemia is reversible by admin- 



istration of L-arginine"[Creager, M. A. et al., Clin Invest. 
1992, 90, 1248-1253] and "Folic acid supplementation 
improves arterial endothelial function in adults with realtive 
hyperhomocysteinemia**[Woo, K. S. et al, J. Am. College of 
Cardiology, 1999, 34 (7), 2002-2006] the use of at least fohc 
add or a folate and tetrahydrobiopterin (BHJ or derivatives 
thereof together with pharmaceutically compatible active 
and adjuvant substances, such as arginine for the production 
of a pharmaceutical preparation suitable for influencing the 
nitric oxide (NO) level has neither been proposed nor 
described hitherto. 

[0010] This is probably due to the situation that it has been 
postulated that "MTHF had no direct effect on in vitro NO 
production by eNOS"[Verhear, M. C. et al.. Circulation, 
1998; 97 (3), 237-241]: 

[0011] It has been found that the use of phannaceutical 
preparations containing at least foUc acid or a folate and 
tetrahydrobiopterin (BH^) or derivatives thereof influences 
the nitric oxide (NO) level, and in particular affects the 
enzymatic activity of nitric oxide synthase (NOS) by reduc- 
ing superoxide production and enhancing nitric oxide (NO) 
synthesis. This effect occurs in absence of negative changes 
in other risk factors, e.g. lipids, blood pressure and 
homocysteine. 

[0012] Especially surprising is this effect as in pterin-free 
eNOS folic add, a folate or a derivative thereof does not 
affect the enzymatic activity of nitric oxide synthase (NOS), 
• neither with regard to NO, nor to superoxide production, 
whereas in partially pterin-repleted eNOS folic acid, a folate 
or a derivative thereof have the claimed strong effect on the 
activity of the enzyme; i.e. they enhance NO production 
concomitant with a decreased production of superoxide. The 
beneficial vascular effect of folic acid or a folate together 
with at least tetrahydrobiopterin (BH4 ) or derivatives 
thereof cannot be attributed solely to d^ct scavenging of 
superoxide. 

[0013] Folic acid, a folate or a derivative thereof refers to 
folic acid (pteroylmonoglutamate), one or more of the 
folylpolyglutamates, compounds in which the pyrazine ring 
of the pterin moiety of folic acid or of the folylpoly- 
glutamates is reduced to give dihydrofolates or tetrahydro- 
folates, or derivatives of all the preceding compounds in 
which the N-5 or N-10 positions carry one carbon units at 
various levels of oxidation, or pharmaceutically compatible 
salt thereof or a combination of two or more thereof. 
Especially means folic acid, a folate or a derivative thereof 
folic acid, dihydrofolate, tetrahydrofolate, 5-methyltelrahy- 
drofolate, 5,10-methylenctelrahydrofolatc, 5,10-meth- 
enylielrahydrofolate, 5,10 -formiminotelrabydrofolate, 
5-formyltctrahydrofolate (leucovorin), 10-formyltetraby- 
drofolate 10-melhyltetrabydrofolate, pharmaceutically com- 
patible salts thereof, or a combination of two or more 
thereof. 

[0014] Reduced folates can be converted into one another 
according to the well known folate metabolism. 5-methyltet- 
rahydrofolic acid and the pharmaceutically compatible salts 
thereof are preferably used, however, since 5-methyltetrahy- 
drofolic acid is directly involved together with tetrahydro- 
biopterin in such functions as the biosynthesis of dopamine, 
norepinaphrine and serotinine by the hydroxylation of phe- 
nylalanine and the regeneration of BH4 by the reduction of 
the quinonoid 7,8-dihydrobiopterin to tetrahydrobiopterin. 
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This applies in particular when there is an existing methyl* 
enetetrahydrofolate reductase deficiency, wherein this defi- 
ciency implies disorders such as restricted functionality or 
lack of activity, for example. The existence of thermolabile 
methylenetetrabydrofolate reductase should be mentioned 
here as the most frequent example of a methylenetetraby- 
drofolate reductase deficiency. Under these circumstances, 
especially 5-methylletrahydrofohc acid is only avaOablc in 
a limited amount. 

[0015] Within all folates or a derivatives thereof both the 
natural and the unnatural diastereoisomers, phaimaceuti- 
cally compatible salts thereof and any mixhires of the 
isomers and the salts, but especially the natural diaslersoi- 
somcric forms such as 5-methyl-(6 S)-tetrahydrofolic acid 
are applicable. 

[0016] Telrahydrobiopterio (BHJ refers to aU the namral 
and the unnahjral forms of tetrahydrobiopteriD, pharmaceu- 
lically compatible salts thereof and any mixtures of the 
isomers and the salts, but especially the natural diastereoi- 
someric form (6R)-L-crythro-teirahydrobiopterin is appli- 
cable. 

[0017] Arginine refers to the both the natural and unnatu- 
ral isomeric form of arginine, pharmaoeuticaUy compatible 
salts thereof and any mixtures of the isomers and the salts, 
but especially the natural isomeric form L-argim'ne is appli- 
cable. 

[0018] For an overview of the biochemical functions of 
folates and tetrabydrbbiopterin regarding nitric oxide and 
oxidative stress see FIG. 7. 

[0019] Pharmaceutically compatible salts should be both 
pharmacologically and pharmaccuticaUy compatible. Phar- 
macologically and pharmaceutically compatible salts such 
as these may be alkali or alkaline earth metal salts, prefer- 
ably sodium, potassium, magnesium or calcium salts. 

[0020] The expression "pharmaceutical preparations" 
refers to enteral (e.g. oral, sublingual or rectal), parenteral or 
topical (e.g. transdermal) forms. Organic or inorgam'c sub- 
stances which do Dol react with the active ingredient can be 
used as supports, e.g. water, oil, benzyl alcohol, polyethyl- 
ene glycol, glycerol triacetate or other fatly acid glycerides, 
gelatine, lecithin, cyclodcxtrin, carbohydrates such as lac- 
tobiose or starch, magnesium stearate, talc or cellulose. 
Tablets, dragecs, capsules powders, syrup concentrates or 
drops are preferred for oral apph'cation, suppositories are 
preferred for rectal application, and water- or oil-based 
solutions or lyophilisates are preferably used for parenteral 
application. 

[0021] Suspensions, emulsions or implants can also be 
used, and patches or creams can be used for topical appli- 
cation. 

[0022] Pharmaceutical preparations for parenteral appli- 
cation comprise sterile aqueous and non-aqueous injection 
solutions of the pharmaceutically-active compounds, which 
are preferably isotonic with the blood of the recipient. 

[0023] These preparations may comprise stabilizers, addi- 
tives for the controlled release of the pharmaceutically- 
active compounds, antioxidants, such as ascorbic acid, 
reduced glutathione or N-acetyl-cysteine, buffers, bacterio- 
static agents and adjuvant substances for obtaining an iso- 
tonic solutioD. Aqueous and non-aqueous sterile suspensions 
may contain suspension additives and thickeners. The phar* 
maceutical preparation may exist as a single dose- or as a 



multiple-dose container, as sealed ampoules for example, 
and may be stored as a freeze-dried (lyophilized) product 
and prepared for use if need be with a sterile liquid, for 
example water or salt solution. Sterile powders, granules or 
tablets can be used in the same manner. All the pharmaceu- 
tical preparations may additionally contain active com- 
pouncb which act separately or synergistically, Arginine 
should be mentioned here, which has a synergistic effect in 
this application. In this respect, arginine can be used in a 
dose between 1 mg and 1 g, preferably between 1 mg and 
100 mg per day, for a normal dosage application, and can be 
used in a dose between 10 mg and 1 g per day for a high 
dosage application. 

[0024] The pharmaceutical preparation contains between 
0.001 mg and 1000 mg of folic acid or a folate and 
telrahydrobiopterin (BH4) or derivatives thereof together 
with 1 mg to 10 g of arginine per dose. In prophylaxis, 
preparations are used which preferably contain between 5 fig 
and 1000 mg of the active ingredient per dose. In therapy, 
preparations are used which preferably contain between 0.1 
rag and 200 mg of folic acid or a folate and tetrabydrobiop- 
terin (BH4) or derivatives thereof together with 1 mg to 1 g 
of arginine per dose. 

[0025] The dosage depends on the form of therapy, on the 
form of application of the pharmaceutical preparation, and 
on the age, weight, nutrition and condition of the patient. 
Treatment may be commenced with a low dosage below the 
optimum amount and this may be increased until the opti- 
mum effect is achieved. The dosages used in prophylaxis 
may preferably vary for folic acid or a folate and tetrahy- 
drobiopterin (BH^ between 5 and 1000 fig per day, 
particulariy between 50 fig and 500 fig per day. Optimum 
dosages in therapy vary for folic acid or a folate and 
letrahydrobiopterin (BH^ between 0.1 mg and 100 mg per 
day, particularly between 0.5 mg and 5 mg per day. AppVi- 
cation may be effected as a single administration or as a 
repeated dosage. 

EXAMPLES TO ILLUSTRATE THE INVENTION 
[0026] Chemicals 

[0027] BH^-free bovine cNOS was obtained through 
expression of cNGS in E colL 5-methyl-(6 S)-tetrahydro- 
folic acid, and its stereoisomer, 5-methyI-(6R)-tetrahydro- 
folic acid were used in purities>99.8%. The spin trap, 
5-diethoxy-phosphoryl-5-methyM-pyrToline-N-oxide 
(DEPMPO) and all other used chemicals are commercially 
available. 

[0028] Electron Paramagnetic Resonance Measurements 
(EPR) 

[0029] The EPR spectra were recorded at 37* C. on a 
modified Bruker ESP 300. Spin trap experiments were 
perfonned with both HX/XO and eNOS. For HX/XO the 
solution contained 0.5 mM hypoxanthine, 12.5 mU/ml xan- 
thine oxidase and 50 mM DEPMPO in phosphate buffer (pH 
7.4). The eNOS assay contained 250 nM eNOS dimers 
(0.065 mg protein/ml), 0.5 mM NADPH, 10/iM L-arginine, 
1 mM CaClj, 300 U/ml catmodulin and 50 mM DEPMPO 
in phosphate buffer (pH 7.4). 

[0030] Determination of NO-production by eNOS 

[0031] NOS activity was determined by quantifying the 
conversion of L-[23,4.5-^H]arginine into L-[2,3,4,5-^H]. 
citruUine. Briefly, 2 fig eNOS ^H4-firee or -repletcd) was 
incubated during 5 min at 37*" C. in 100 fi\ HEPES buffer 
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(pH 7.4) containing DTPA(ai mmol/l), CaClj (0-2 mmol/1), 
calmodulin (20 /ig/ml), NADPH (0.5 mmoI/1), FMN (1 
/imol/1), FAD (1 //mol/1), glutathione (lOO/nnol/l), BSA(200 
/^g/ml), L-arginine (100;/moVl), and L-[2,3,4,5-^H]-arginine 
(3.7 KBq). All measurements were performed in triplicate. 
After correction for nonspecific activity, eNOS activity was 
calculated from the percent conversion of [^H]-arginine into 
[^H]-citrullinc and expressed as nmoles per mg protein per 
min. 

[0032] Cell cultures 

[0033] Microvascular endothelial bEND3 cells were cul- 
tured to confluence in 6-well culture plates for determination 
of nitrite or in 15 -cm dishes for electron spin resonance 
experiments. After the cells reached confluence the medium 
was changed to M-199 (Sigma cbem), supplemented with 
0.1% BSA, 5mM L-glutamine, antibiotics and 5-metbyltet- 
rabydrofolic acid (0, 1, 10 //M) or sepiaplerin (100 /iM), 
respectively, for 24 hours. 

[0034] Detemiination of NO production by endothelial 
calls 

[0035] The NO production by endothelial cells was 
assessed by quantification of the nitrite content in the 
supernatant with a commercially available fluorimetric kit 
(Cayman Chemicals). Acetylcholine-induced NO produc- 
tion is presented as the difference between stimulated minus 
the unstimulated nitrite content. 

[0036] Statistical analysis 

[0037] Changes in NO-production were tested with an 
unpaired t-test. Changes in radical adduct formation by 
tetrahydrobiopterin (FIG. 3) or 5-methyl-(6 S)-tctrahydro- 
folic acid (FIG. 4) were tested with analysis of variance. If 
variance ratios reached statistical significance, differences 
between the means were analyzed with the Student-New- 
man-Keuls test for p<0.Q5. 

[003S] 5>Methy]tetrahydrofolic add direct Superoxide 

Scavenging 

[0039] XO Activity 

[0040] Assessment of urate levels (assessed with a 
uncase- hydrogen peroxide assay) is a standard method to 
determine enzymatic activity of XO. However, reductive 
substance, like vitamin C or NUHF, are known to interfere 
with the urate determination. Basal urate levels after 60 
minutes of incubation (1, 2, 5 mU/ml XO, 0 J mM hypox- 
anthine in phosphate buffer, pH 7.4, 37* C) were 128:t20 
/iM. Addition of 50 5-methyl-(6 S)-tetrabydrofolic add 
at the beginning of the incubation period resulted in a 
significantly lower urate level of 48.7±1.7 Addition of 
50 fiM 5-methyl-(6 S)-tetrahydrofolic add at the end of the 
incubation period (just prior to urate assessment) resulted in 
a similar urate level (49.9tl .9 //M). These data show that 
5-methyl-(6 S)-tetrahydrofolic acid interferes with the quan- 
tification of urate, rather than the urate production itself and 
that 5-methyltetrabydrofolic add does not affect the rate of 
urate production by XO. 

[0041] Determination of Superoxide Trapping Rates by 
Competitive Superoxide Trapping 

[0042] The trapping rates for superoxide were determined 
at 37^ C. by comparing the trapping efiSciency of L, aiginine, 
tetrahydrobiopterin and 5-methyl-(6 S)- and -(6R)-tetrahy- 



drofolic acid with the known trapping efiBdency of the spin 
trap DEPMPO (competitive superoxide trapping [CST]). 
Using HX/XO as superoxide generating system, the pres- 
ence of other compound (like L-arginine, tetrahydrobiop- 
terin, 5-methyfletrahydrofolic add or ascorbic add) will 
result in less generation of DEPMPO spin adducts. Reaction 
channels other than with DEPMPO, L-arginine, tetrahydro- 
biopterin, 5-methyItetrahydrofolic acid or ascorbic acid can 
be neglected as the adduct yield does not increase further if 
DEPMPO concentrations higher than 50 mM are used. The 
time curves of the EPR intensity in the HX/XO system were 
described by single exponentials with a time constant, 
t-lOdtO.5 min (FIG. 1). Plots of the steady state limits as a 
function of 5-methyl-(6 S)* and -(6R)-tetrahydrofolic add 
concentration in the HX/XO system are given in FIG. 2 
(solid drcles). Both isomers show the same linear conoea- 
tration dependence. 

[0043] The reaction rates with superoxide are given by k 
for the tested substance and k^ for the reference compound 
DEPMPO respectively. A reference value of kj»80 (Ms)"^ 
has been shown to be reliable. Based thereon the following 
values have been determined at pH 7.4 and 37* C. 

*Mcort,k .ciAr4400 K,c«uc .dd-3.5xlO* (Ms)-* (tit- 
erature value k,«»ibk ^'2.7xl0r (Ms)"*) 

*BHArl200 kBiM-1.5xlO* (Ms)-> 
*»«faiiJkd-<10"' k^tate-negUbac 

[0044] The presence of L-arginine did not affect the for- 
mation of DEPMPO adducts, even at high concentrations 
(up to 100 mM). Therefore, L*arginine has no significant 
scavenging capacity for superoxide. 

[0045] BH4 is an about 2 times less potent scavenger than 
ascorbic add, whereas both isomers of 5-methylteU'ahydio- 
folic add are in this regard about 20 times less potent than 
ascorbic acid. In addition the usual plasma concentration for 
tetrahydrobiopterin and folates are in the low nanomolar 
range. Upon oral supplementation, the level of folic acid 
may be raised to micromolar range, which is still below the 
vitamin C levels of 30-50 micromolar observed in vivo. 
Therefore due to the low scavenging potency and low 
plasma concentration of BH4 and folates their direct super- 
oxide scavenging capacity is not relevant in vivo, where 
antioxidant mechanisms like vitamin C or superoxide dis- 
mutase (SOD) have far higher capadly for removal of 
superoxide. Instead, folates exerts their beneficial effects 
together with tetrahydrobiopterin through modulation of the 
enzymatic activity of NOS. 

[0046] 5-Methyltetrahydrofolic add-Pterin-Free eNOS 

[0047] Superoxide Production by Pterin-Free eNOS 

[0048] To eluddate whether that 5-methyl-(6 S)-tetrahy- 
drofolic acid improves NO bioavailability in vivo in hyper- 
cholesterolemic patients by a direct effect of 5-methyl-{6 
S)-tetrabydrofolic acid on eNOS, competitive superoxide 
trapping (CST) experiments using eNOS as a superoxide 
generating system have been carried aout. The effect of 
5-methyl-(6 S)- and •(6R)-tetrahydrofolic add on the pterin- 
firee eNOS (FIG. 3, solid drcles) coincides with the data 
from the HX/XO experiments (c.f. FIG. 2). It demonstrates 
that for pterin-free eNOS impaired formation of spin adducts 
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cao be fiilly accounted for by tbe capacity of 5*metbyH6 S)- 
aod *(6R)-telrahydrofo]ic acid to scavenge superoxide in a 
bimolecular scavenging reaction. In particulars the presence 
of 5-melhyl-(8 S)- or -(6R)-tctrahydrofolic acid does not 
affect tbe rate of superoxide production by pterin-free eNOS. 

[0049] In pterin-free eNOS, folic add, a folate or a deriva- 
tive thereof significantly reduce tbe fonnation of DEPMPO 
superoxide adducts. The degree of reduction in superoxide 
activity by folic acid, a folate or a derivative thereof is 
equivalent to that observed in the HX/XO system. It shows 
that for pterin-free cNOS folic acid, a folate or a derivative 
thereof exerts its effects through pure scavenging only, 
without interfering with enzymatic activity. Combining the 
results for NO and superoxide, pterin-free eNOS is seen to 
be completely oblivious to the presence of foh'c acid, a folate 
or a derivative thereof. 

[0050] 5-meothyltetrahydrofolic acid-Pterin-Repleted 
eNOS 

[0051] Superoxide Production by cNOS. — ^Pterin-Re- 
pleted Case 

[0052] As far as ptcrin-repleted eNOS is concerned (FIG. 
3, open circles), addition of 5-methyl-{6 S)- or -(6R)- 
-tetrahydrofolic add-results in-a very strong reduction in the- 
rate of DEPMPO adduct formation (as manifests itself from 
a mucb steeper slope). This reduction by far exceeds the 
reduction observed in pterin-free eNOS. This observation 
cannot be fully explained by tbe capadty of 5-methyl-(6 S)- 
and -(6R)-tetrabydrofolic acid to scavenge superoxide. 
Therefore tbe presence of 5-methyltetrabydrofolic add 
reduces tbe superoxide production by eNOS in a concen- 
tration dependent way witb both stereoisomers of 5-meth- 
yltetrabydrofolic acid having the same potency. To evaluate 
whether 5-methyltetrabydrofolic acid only affects eNOS 
after preincubation witb BH4, increasing amounts of BH4 
have been added to pterin-free eNOS in presence and 
absence of 5-methyl-(6 S)-tetrahydrofolic acid 25 fM (FIG. 
4). As expected, in the absence of 5-methyltetrahydrofolic 
add, addition of BH4 caused a dose-dependent decrease in 
superoxide production. In pterin-free eNOS, addition of 25 
/iM 5-methyl-(6 S)-teU'ahydrofob'c acid does not cause sig- 
nificant cbanges in radical adduct formation (FIG. 4). In 
contrast, addition of 5-metbyltctrahydrofolic acid to par- 
tially repleted eNOS (still BH^ deficient) causes a substantial 
reduction in tbe amount of superoxide adducts (FIG. 4). 

[0053] NO-Production by eNOS 

[0054] The NO production by pterin-free eNOS is located 
at the detection limit of tbe arginine-dtrulline cooversion 
assay (FIG. 5). Addition of 5-methyl-(6 S)- or -(6R)- 
tetrahydrofolic add (100 fM final) to pterin-free eNOS has 
no significant effect on NO production (FIG. 5). In contrast, 
in pterin-repleted eNOS, two significant differences arise: 
first, a clear basal NO-production is observed (FIG, 5). 
Second, the addition of botb 5-methyl-(6 S)- or -(6R)- 
tetrahydrofolic acid (100 /iM final) causes a significant 
increase in NO production (FIG. 5; p<0.05 vs. BH4 alone). 

[0055] NO-Production by endothelial cells 

[0056] PreincublatioD with 5-methyltetrahydrofolic add 
did not affect nitrite release in unstimulated endothelial cells. 
Acetylcholine stimulation caused a significant increase in 
nitrite release (FIG. 6). Preincubation of endothelial cells 
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with 5-methyl-(6 S)-tetrahydrofolic add and sepiapterin 
resulted in a significant-further increase in acetylcholine- 
induced nitrite production (FIG. €), 

[0057] The pterin-repleted eNOS used In our studies 
shows substantial basal production of both NO as well as 
superoxide and therefore should be considered as BH4 
deficient, i.e. partially uncoupled. Under these conditions, 
addition of folic acid, a folate or a derivative tbereof 
increases NO production.Both diastereoisomeric forms of 
the folates and derivatives thereof have the same effect. At 
the same time, the formation of DEPMPO superoxide 
adducts is strongly reduced by both folic acid, a folate or a 
derivative thereof. Tbe reduction of adduct fonnation caused 
by folic acid, a folate or a derivative thereof by far exceeds 
that observed in the HX/XO system. This shows that the 
major impact of folic acid, a folate or a derivative tbereof 
must be a direct interference with the enzymatic superoxide 
production by the pterin-repleted eNOS. Again, both dias- 
tereoisomeric forms of tbe folates have comparable effects. 
Combining the results, for NO and superoxide, the enzy- 
matic activity of pterin-repleted eNOS is highly sensitive to 
the presence of folic acid, a folate or a derivative thereof. 
The overall effect is a substantial shift from superoxide 
production towa rds NO production. From FIG. 2, we esti- 
mate that superoxide production by eNOS is reduced by a 
factor of 2 at a concentration of [5-metbyltetrabydrofolic 
acid]-50/iM, i.e. ca. 200 5-methyltetrabydrofolic add mol- 
ecules per eNOS dimer. Similar molecular ratios of 5-me- 
tbyltetrahydrofolic add vs. eNOS can be achieved in vivo 
upon oral supplemeatation with folic acid, a tolate or a 
derivative thereof. 

[0058] 5-methyltetrahydrofolic add-Pterin Interaction 

[0059] It has been shown that folic acid, a folate or a 
derivative thereof, requires BH4 before it can affect the 
enzymatic activity of eNOS. Folic add, a folate or a deriva- 
tive tbereof supports the action as a cofactor of BH4. 

[0060] Moreover, therapy with folic acid, a folate or a 
derivative thereof did not show any effect on biopterin levels 
in vivo. Therefore folic acid, a folate or a derivative thereof 
exerts its effect via enhanced binding of BR, to eNOS, 

[0061] Folic acid, a folate or a derivative thereof act as 
facilitator of the oxidation of BH4 to tbe BH4-radical. 

[0062] 5-metbyltetrahydrofolic add-endothelial cells 

[0063] It has been shown that the effects of folic acid, a 
folate or a derivative thereof on endogenous eNOS in 
endothelial cells are compatible with the findings on the 
recombinant enzyme. In particular, it has been shown an 
enhanced T40 status in cultured endothelial cells upon 
5-methyltetrabydrofolic acid suppletion. 

[0064] Tbe decreased superoxide production and 
enhanced NO synthesis by the nitric oxide synthase (NOS) 
following the application of folic acid, a folate or a deriva- 
tive thereof provides a plausible explanation for the 
increased NO bio-availabflity in humans upon 5-methyUet- 
rahydrofolic acid suppletion during dyslipidaemia. 

EXAMPLE 1 

[0065] A tablet containing 50 mg 5-fomiyl-<6 S)-tetrahy- 
drofolic acid and 50 mg (6R)-tetrahydrobiopterin (fiK^ 
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[0066] A mixture of 665 g of the penlahydrale of the 
calcium salt of 5-fonnyl-(6 S)-lelrahydrofolic acid (corre- 
sponding to 500 g 5-foniiyl-(6 S)-teirahydrofolic acid), 645 
g (6R)-tctrahydrobiopteriD dihydrochloride (corresponding 
to 500 g (6R)-tetrahydrobiopterin), 4 kg lactose, 1.2 kg 
starch, 0.2 kg talc and 0.1 kg magnesium stearate is pressed 
to form tablets, so that each tablet contains 50 mg 5-formyl- 
(6 S)-tetrahydrofolic add and 50 mg (6R)-tetrabydrobiop- 
tcrin (BHJ. 

[0067] The tablet can be coated as a film tablet or can be 
ground and used in capsule form. 

EXAMPLE 2 

[0068] A suppository contaim'ng 500 mg 5-methyl-(6 
S)-tctrahydrofoIic add and 500 mg (6R)-tetrahydrobiopterin 
(BH^) 

[0069] A mixture of 632 g of the pentahydrate of the 
caldum salt of 5-mcthyl-(6 S)-letrahydrofolic add (corre- 
sponding to 500 g 5-metbyl-(6 S)-tetrabydrofoHc acid), 645 
g (6R)-tetrahydrobiopteria dihydrochloride (corresponding 
to 500 g (6R)-tetrahydrobiopterin), 50 g hydroxy-propylcel- 
lulose and 2 kg of semisynthetic glycerides is melted to form 
suppositories, so that each suppository contains 500 mg 
5-methyl-(6 S)Ttetrahydrofo]ic acid and 500 mg (6R)-tet- 
rahydrobiopterin (BH4). 

EXAMPLES 

[0070] An injection solution containing 5 mg 5-methyl-(6 
S)-tetrahydrofo]ic acid, 1 mg (6R)-teirahydrobiopterin 
(BH4) and 5 mg L-arginine 

[0071] 5.0 g 5-mcthyl-(6 S)-tctrahydrofolic add, 1.0 g 
(6R)-lctrahydrobiopterin (BH^, 5.0 g L-arginine, 10 g glu- 
tathione, 30 g dtric acid, 160 g raannitol, 1 g methyl*p- 
hydroxybenzoic acid, 17.7 g sodium hydroxide (or the 
requisite amount in order to obtain a pH of the solution of 
7.3 to 7.8) is dissolved in 3 h'ters of water for injection and 
introduced into ampoules, so that each ampoule contains 5 
mg 5-mclhyI-(6 S)-tetrahydrofolic add, 1 mg (6R)-tetrahy- 
drobiopterin (BH4) and 5 mg L-arginine. 

EXAMPLE 4 

[0072] An injectable lyophilisate containing 1 mg tetraby- 
drofolic add and 1 mg tetrahydrobiopterin (BH4) 

[0073] A solution of 1 .05 g of the sodium salt of tetrahy- 
drofolic acid (corresponding to 1.0 g tetrahydrofolic acid) 
and 1.40 g (6R)-tetrahydrobiopterin sulfate (corresponding 
to 1.0 g (6R)-tetrabydrobiopterin) in 1000 ml double-dis- 
tilled water is introduced via sterile filtration into ampoules 
and lyophilised, so that each ampoule contains 1 mg tet- 
rahydrofolic acid and 1 mg tetrahydrobiopterin (BH4). 

[0074] Tetrahydrofolic add is very sensitive to oxygen 
and stringently oxygen-free conditions therefore have to be 
employed. The use of an antioxidant such as ascorbic add 
may be necessary. 

EXAMPLES 

[0075] An injectable lyophilisate containing 20 mg 5,10- 
methylene-(6R)-tetrahydrofolic acid and 50 mg (6R)-tet- 
rahydrobiopterin (BH4) 
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[0076] A solution of of the .beta.-hydroxypropyl-cyclo- 
dextrin inclusion compound of the sodium salt of 5,10- 
methylene-(6R)-tctrahydrofolic add containing 10 g 5,10- 
methylene-(6R)-tctrahydrofolic acid and 50 g (6R)- 
tetrahydrobioplerin (BH4) in 2000 ml of double-distilled 
water is introduced via sterOe filtration into ampoules, so 
that each ampoule contains 20 mg 5,10-methylene-(6R)- 
tetrahydrofolic add and 50 mg (6R)-tetrahydrobiopterin 
(BH4). 

[0077] The same precautionary measures apply to 5,10- 
methylene-telrabydrofolic add as for tetrahydrofolic add 
(preceding Example). 

EXAMPLE 6 

[0078] A tablet containing 4 mg 5-formyl-(6 S)-tetrahy- 
drofolic acid and 10 mg (6R)-tetrahydrobiopterin (BH4) 

[0079] A mixture of 53.2 g of the pentahydrate of the 
caldum salt of 5-formyl-(6 S)- tetrahydrofolic acid (corre- 
sponding to 40 g 5-fonnyl-(6 S)-tcirahydrofolic acid), 100 g 
(6R)-tetrabydrobiopterin (BH4), 4 kg lactose, 1.2 kg starch, 
0.2 kg talc and 0.1 kg magnesium stearate is pressed to form 
tablets, so that each table contains 4 mg 5-formyl-(6 S)-tet- 
rahydrofolic add and 10 mg (6R)-tetrahydrobiopterin 
(BH4). 

[0080] The tablet can be coated as a film tablet or can be 
ground and used in capsule form. 

EXAMPLE 7 

[0081] An injectable lyophilisate containing 10 //g 6-me- 
thyl-(6 S)-tetrahydrofolic acid and 10 ^ (6R)-tetrahydio- 
biopterin (BH J 

[0082] A solution of 1 0 mg of the sodium salt of 5-methyI- 
(6 S)- tetrahydrofolic acid and 10 mg (6R)-tetrahydrobiop- 
terin (BH4) in 1000 ml of double-distilled water is intro- 
duced, via sterile filtration under an inert gas, into ampoules 
and lyophilised, so that each ampoule contains 10/ig 5-me- 
thyl-(6 S)-tetrahydrofolic acid and 10 /ig (6R)-tetrabydio- 
biopterin (BH4). Tetrahydrofolic add is very sensitive to 
oxygen, and stringently oxygen-free conditions therefore 
have to be employed. The use of an antioxidant such as 
ascorbic add may be necessary. 

EXAMPLE 8 

[0083] A tablet containing 15 mg 5-methyl-(6 S)-tetrahy- 
drofolic acid and 5 mg (6R)-tetrahydr6biopterin ^H4) 

[0084] A mixture of 19.18 g of the pentahydrate of the 
caldum salt of 5-methyl-(6 S)-tetrahydrofolic acid (corre- 
sponding to 15 g 5-methyl-(6 S)-tetrahydrofolic acid), 5 g 
(6R)-tetrahydrobiopterin (BH^), 120 g lactose, 21.5 g maize 
starch, 7.08 g acetylceltulose, 2.28 g diethyl phthalate, 0.64 
g silicone HK-15 and 2 g magnesium stearate is pressed to 
form tablets, so that each tablet contains 15 mg 5methyl-(6 
S)-tetrahydrofolic add and 5 mg (6R)-tetrahydrobiopterin 
(BH«). 

[0085] Tlie tablet can be coated as a film tablet or can be 
ground and used in capsule form. 

EXAMPLE 9 

[0086] Tablets containing 10 mg 5-methyl-(6 S)-tetrahy- 
drofolic acid and 10 mg (6R)*tetrahydrobiopterin (BH4) 
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[0087] In an analogous manner to lhal described in 
Example 8, tablets containing 10 mg 5-methyl-(6 S)-tetrahy- 
drofolic acid and 10 mg (6R)-tetrabydrobiopterm (BHJ arc 
produced using maize starch, lactose, magnesium stearale, 
polyethylene glycol 6000, polymeihacrylate, polysorbilol 
80, dimethylpolysiloxane, sodium hydroxide and talc. 

EXAMPLE 10 

[0088] A combination preparation comprising 5'metb- 
yltetrahydrofolic acid, telrabydrobiopterin (BH4) and aigi- 
nine 

[0089] A fihn tablet which contains the following con- 
stituents is formulated for preparations for oral appb'cation: 



25 mg 5-inelbylteirahydrofolic add 
25 mg tetrahydrobiopterin (BH4) 
250 i^g aigintne 

phannaceutically compatibk adjuvant aubstances 



[0090] The Ublet can be coated as a film tablet or can be 
ground and used in capsule form. 

[0091] This combination preparation may also be formu- 
^lated-as-^a-solution^e.g.-forparenleral' application: 

[0092] The preceding examples can be repeated with 
similar success by substituting the genericaJly or specifically 
described reactants and/or operating conditions of this 
invention for those used in the preceding examples. Also, the 
preceding specific embodiments are to be construed as 
merely illustrative, and not limitative of the remainder of the 
disclosure in any way whatsoever. 

[0093] The entire disclosure of all applications, patents 
and publications, cited above and below, are hereby incor- 
porated by reference. 

[0094] From the foregoing description, one ^led in the 
art can easily ascertain the essential characteristics of this 
invention, and without departing from the spirit and scope 
thereof, can make various dianges and mod^cations of the 
invention to adapt it to various usages and conditions. 

What is claimed is: 

1. A method for the modulation of the activity of nitric 
oxide synthase (NOS), comprising administering at least 

(1) folic acid or a folate; and 

(2) tetrabydrobiopterin (BH4) 
or derivatives thereof 

2. The method as defined in claim 1 wherein folio acid or 
a folate or a derivative thereof is folio acid (pteroylmono- 
glutamate), one or more of the folylpolyglutamates, com- 
pounds in which the pyrazine ring of the pterin moiety of 
folic acid or of the folylpolyglutamates is reduced to give 
dihydrofolates or tetrahydrofolates, or derivatives of all the 
preceding compounds in which the N-5 or N-10 positions 
carry one carbon units at various levels of oxidation, or salt 
thereof or a combinadon of two or more thereof. 

3. The method as defined in claim 2 wherein folate or a 
derivative thereof is 

dihydrofolic add, 

tetrahydrofolic acid, 
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5-metbyltctrahydrofolic acid, 
5,10-metfaylenetatrahydrofolic acid, 
5,10-methenyltctrahydrofoHc acid, 
5,10-formiminotctrahydrofolic add, 
5-formyltctrahydrofolic add (leucovorin), 
10-formyltetrahydrofolic add, 
10-methyItetrahydrofolic add, 

salts thereof, or a combination of two or more thereof 

4. The method as defined in claim 3 wherein folate or a 
derivative thereof is in the natural diastereoisomer of folate 
or a derivative thereof. 

5. A method of preventing or treating diseases assodated 
with disturbed activity of nitric oxide synthase (NOS) in the 
human body comprising administering a therapeutically 
effective amount of a drug containing at least 

(1) folic acid or a folate; and 

(2) telrabydrobiopterin (BH4) 

or derivatives thereof to a human subject. 

6. The method as defined in claim 5 wherein folic acid or 
a folate or a derivative" thereof is folic acid (pteroylmono- 
glutamate), one or more of the folylpolyglutamates, com- 
pounds in which the pyrazine ring of the pterin moiety of 
folic add or of the foly^lyglutamates is reduced to gjve 
dihydrofolates or tetrahydrofolates, or derivatives of all the 
preceding compounds in whidi the N-5 or N-10 positions 
carry one carbon units at various levels of oxidation, or 
pharmaceutically compatible salt thereof, or a combination 
of two or more thereof. 

7. The method as defined in claim 6 wherein folate or a 
derivative thereof is 

dihydrofolic acid, 

tetrahydrofolic add, 

5-methyltetrahydrofolic acid, 

5,10-methenylletrahydrofolic acid, 

5,10-metbenyltetrahydrofolic acid, 

5,10-formiminotetrahydrofolic add, 

5-formyltetrahydrofolic add (leucovorin), 

10-formyltetrahydrofolic add, 

10-methyhetrahydrofolic add, 

pharmaceutically compatible salts thereof, or a combina- 
tion of two or more thereof. 

8. The method as defined in claim 7 wherein at least one 
of folate or tetrabydrobiopterin or a derivative thereof is in 
the natural stereoisomeric form. 

9. A method for the treatment or prevention of at least 
moderately reduced levels of nitric oxide (NO), comprising 
administering a therapeutically efifective amount of a 

drug containing at least 

(1) folic acid or a folate; and 

(2) tetrabydrobiopterin (BHJ 
or derivatives thereof 
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10. The method as defined in claim 9 wherein folic add 
or a folate or a derivative thereof is folic acid (pteroylmono> 
glutamate), one or more of the folylpolygluta mates, com- 
pounds in which the pyrazine ring of the pterin moiety of 
folic acid or of the folylpolyglutamates is reduced to give 
dibydrofolates or tetrabydrofolates, or derivatives of all the 
preceding compounds in which the N-5 or N-10 positions 
carry one carbon units at various levels of oxidation, or 
pharmaceutically compatible salt thereof ,or a combination 
of two or more thereof. 

11. The method as defined in claim 10 wherein folate or 
a derivative thereof is 

dihydrofoh'c acid, 

tetrahydrofolic acid, 

5-methyltetrabydrofolic acid, 

5,10-methenyltetrahydrofolic acid, 

5,10-metheDyltetrabydrofoh'c acid, 

5,10'formiminotetrahydrofolic acid, 

S^formyltelrabydrofolic acid (Icucovorin), 

lO-formyltetrahydrofolic acid, 

r: -Ifolme tbyiletra bydrof olic add, " 

pharmaceutically compatible salts thereof, or a combina- 
tion of two or more thereof. 

12. The method as defined in claim 11 wherein at least one 
of folate or tctrafaydrobiopterin or a derivative thereof is in 
the natural stereoisomeric form. 

13. A method for the treatment or prevention of at least 
moderately elevated levels of superoxide, comprising 
administering a therapeutically effective amount of a drug 
containing at least 

(1) folic acid or a folate; and 

(2) tetrahydrobiopterin (BH4) 
or derivatives thereof 

14. The method as defined in claim 13 wherein folic add 
or a folate or a derivative thereof is folic acid (pteroylmooo- 
glutamate), one or more of the folylpolyglutamates, com- 
pounds in which the pyrazine ring of the pterin moiety of 
folic acid or of the folylpolyglutamates is reduced to give 
dibydrofolates or tctrahydrofolates, or derivatives of all the 
preceding compounds in which the N-5 or N-10 positions 
carry one carbon units at various levels of oxidation, or 
pharmaceutically compatible salt thereof ,or a combination 
of two or more thereof. 

15. The method as defined in claim 14 wherein folate or 
a derivative thereof is 

dibydrofolic add, 

tetrahydrofolic acid, 

5-methyltetrahydrofolic acid, 

5,10-metbyIeDetetrahydrofolic add, 

5,10-methenyltetrabydrofolic add, 

5,10-formiminotetrahydrofolic acid, 

5*foimyltetrahydrofolic acid (leucovorij]), 

10-formyltetrahydtofolic add. 
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lO-melhyltetrahydrofolic add, 

pharmaceutically compatible salts thereof, or a combina- 
tion of two or more thereof. 

16. The method as defined in claim 15 wherein at least one 
of folate or tetrahydrobiopterin or a derivative thereof is in 
the natural stereoisomeric form. 

17. A method of preventing or treating disease assodated 
with decreased nitric oxide levels in the human body com- 
prising administering a therapeutically effective amount of a 
drug containing at least 

(1) folic acid or a folate; and 

(2) tetrahydrobiopterin (BHJ 

or derivatives thereof to a human subject 

18. The method as defined in claim 17 wherein folic add 
or a folate or a derivative thereof is folic acid (pteroylmono- 
glutamate), one or more of the folylpolyglutamates, com- 
pounds in which the pyrazine ring of the pterin moiety of 
folio add or of the folylpolyglutamates is reduced to give 
dibydrofolates or tetrahydrofolates, or derivatives of all the 
preceding compounds in whidi the N-5 or N-10 positions 
carry one carbon units at various levels of oxidation, or 
pharmaceutically compatible salt thereof ,or a combination 

_ of. two or more thereof. 

19. The method as defined in claim 18 wherein folate or 
a derivative thereof is 

dibydrofolic acid, 

tetrahydrofolic add, 

5-methyltetrabydrQfolic add, 

5,10-methylenetetrahydrofiDlic add, 

5,10-methenyltetrahydrofolic acid, 

5,1 0-formiminotetrahydro folic add, 

5-foimyltetrahydrofolic add (leucovorin), 

lO-formyltetrahydrofolic add, 

10-methyltetrahydrofolic add, 

pharmaceutically compatible salts thereof, or a combina- 
tion of two or more thereof. 

20. The method as defined in claim 19 wherein at least one 
of folate or tetrahydrobiopterin or a derivative thereof is in 
the natural stereoisomeric form. 

21. A method of preventing or treating disease assodated 
with elevated superoxide levels in the human body com- 
prising administering a therapeutically effective amount of a 
drug containing at least 

(1) folic acid or a folate; and 

(2) tetrahydrobiopterin (BH4) 

or derivatives thereof to a human subject. 

22. The method as defined in claim 21 wherein folic acid 
or a folate or a derivative thereof is folic acid (pteroylmono- 
glutamate), one or more of the folylpolyglutamates, com- 
pounds in which the pyrazine ring of the pterin moiety of 
folic add or of the folylpolyglutamates is reduced to give 
dibydrofolates or tetrahydrofolates, or derivatives of all the 
preceding compounds in which the. N-5 or N-10 positions 
carry one carbon units at various levels of oxidation, or 
pharmaceutically compatible salt thereof ,or a combination 
of two or more thereof. 
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23. The method as defined in claim 22 wherein folate or 
a derivative thereof is 

dihydrofolic acid, 

tetrahydrofolic acid, 

5-mcthyltetrahydrofolic acid, 

5,10-mclhylenetelrabydrofolic acid, 

5,10-methenyltetrabydrofob'c acid, 

5,10-formimiQotetrafaydrofolic acid, 

S-formylietrahydrofolic acid (leucovorin), 

lO-formyUelrahydro folic add, 

lO-mcibyltctrahydro folic acid, 

pharmaceutically compatible salts thereof, or a combina- 
tion of two or more thereof. 

24. The method as defined in claim 23 wherein at least one 
of folate or icirahydrobiopterin or a derivative thereof is in 
the natural stereo isomeric form. 

25. A method according to claims 1, 5, 9, 13, 17 or 21 
where pathophysiological conditions are present. 

26. A method according to claim 25, wherein the disease 
is a cardiovascular disease. 

- - 27v^e method as defined in claim 26 wherein folic acid 
or a folate or a derivative thereof is folic acid (pteroylmono- 
glutamate), one or more of the folylpolyglutamates, com- 
pounds in which the pyrazine ring of the pterin moiety of 
folic acid or of the folylpolyglutamates is reduced to give 
dihydrofolates or tetrabydrofolates, or derivatives of all the 
preceding compounds in which the N-5 or N-10 positions 
carry one carbon units at various levels of oxidation, or 
pharmaceutically compatible salt thereof ,or a combination 
of two or more thereof. 

28. The method as defined in claim 27 wherein folate or 
a derivative thereof is 

dihydrofolic acid, 

tetrahydrofolic acid, 

5-methyltetrabydrofolic acid, 

5,10-methylenetetrahydrofolic acid, 

5,10-methenyItetrahydrofolic acid, 

S.lO-fonniminoteU-ahydrofolic acid, 

5-fom3yl tetrahydrofolic acid (leucovorin), 

10-formyltetrahydrofolic add, 

10-metbyltetrahydrofolic add, 

pharmaceutically compatible salts thereof, or a combina- 
tion of two or more thereof. 

29. The method as defined in claim 28 wherein at least one 
of folate or tetrahydrobiopterin or a derivative theieof is in 
the natural stereoisomeric fonn. 

30. A method according to claim 25 wherein the disease 
is a neurological disorder. 

31. The method as defined in claim 30 wherein folic add, 
a folate or a derivative thereof is folic acid (pteroylmono- 
glutamate), one or more of the folylpolyglutamates, com- 
pounds in which the pyrazine ring of the pterin moiety of 
folic acid or of the folylpolyglutamates is reduced to give 
dihydrofolates or tetrabydrofolates, or derivatives of all the 



preceding compounds in which the N-5 or N-10 positions 
cany one caibon units al various levels of oxidation, or 
pharmaceutically compatible salt thereof ,or a combination 
of two or more thereof. 

32. The method as defined in claim 31 wherein folate or 
a derivative thereof is 

dihydrofolic acid, 

tetrahydrofolic add, 

5-methyltetrabydrofolic add, 

5,1 0-methylenetetrahydrofolic add, 

SjlO-methcnyltcU-ahydrofoUc acid, 

5,10-formiminotelrahydrofolic add, 

5-formyltetrahydrofolic add (leucovorin), 

lO-formyltetrahydrofolic add, 

lO-methyltetrahydrofolic add, 

pharmaceutically compatible salts thereof, or a combina- 
tion of two or more thereof. 

39. The method as defined in claim 32 wherein at least one 
of folate or tetrahydrobiopterin or a derivative thereof is In 
the natural stereoisomeric form. 

34. A method according to claims 1, 5, 9. 13, 17, 21, 25, 
26 or 30 wherein folic acid or a folate and tetrahydrobiop- 
terin (BH4) or derivatives thereof is administered in com- 
bination with at least one active substance or at least one 
adjuvant substance. 

35. A method according to claim 34, wherein the active 
substance is a pharmaceutically compatible active sub- 
stance. 

36. A method according to claim 35, wherein the phar- 
maceutically compatible active substance comprises at least 
arginine. 

37. The method as defined in claim 36 wherein folic acid 
or a folate or a derivative thereof is folic acid (pteroylmono- 
glutamate), one or more of the folylpolyglutamates, com- 
pounds in which the pyrazine ring of the pterin moiety of 
folic add or of the folylpolyglutamates is reduced to give 
dihydrofolates or tetrabydrofolates, or derivatives of all the 
preceding compounds in which the N-5 or N-10 positions 
carry one cart>on units at various levels of oxidation, or 
pharmaceutically compatible salt thereof ,or a combination 
of two or more thereof. 

38. The method as defined in claim 37 wherein folate or 
a derivative thereof is 

dihydrofolic acid, 

tetrahydrofolic add, 

5-methyltetrahydrofolic acid, 

5,10-methylenetetrahydrofolic add, 

5,10-methenyltetrabydrofolic acid, 

5,10-formiminotetrahydrofolic add, 

5-formylletrahydrofolic add (leucovorin), 

lO-formyltetrahydrofolic add, 

10-mcthyItctrahydrofolic add, 

pharmaceutically compatible salts thereof, or a combina- 
tion of two or more thereof. 
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39. The method as defined in claim 38 wherein at least one 
of folate or tetrahydrobiopterin or arginine or a derivative 
thereof is in the natural stereoisomeric form of folate or 
tetrahydrobiopterin or argim'ne or a derivative thereof. 

40. A method for enhancing the activity of tetrahydio- 
biopterin (BHJ, comprising administering folic add, a 
folate or a derivab've thereof. 

41. The method as defined in claim 40 wherein folic acid, 
a folate or a derivative thereof is folic acid (pteroylmono- 
glutaniate), one or more of the folylpolyglutamates, com* 
pounds in which the pyrazine ring of the pterin moiety of 
folic acid or of the folylpolyglutamates is reduced to give 
dihydrofolates or tetrahydrofolates, or derivatives of all the 
preceding compounds in which the N-5 or N-10 positions 
carry one carbon units at various levels of oxidation, or 
pharmaceutically compatible salt thereof ,or a combination 
of two or more thereof. 

42. The method as defined in claim 41 wherein folate or 
a derivative thereof is 

dihydrofolic add, 

tetrabydrofoHc add, 

5-methyltetrahydrofoiic acid, 

5,10-methyleDetetrabydrofolic add, 

5,10-metheQyltetrahydrofolic add, 

5,10-formiminotetrabydrofolic acid, 

5-formyltetrahydrofolic acid (leucovorin), 

10-formyItetrahydro folic add, 

10-metbyltetrahydrofolic add, 
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pharmaceutically compatible salts thereof, or a combina- 
tion of two or more thereof. 

43. The method as defined in claim 42 wherein at least one 
of folate or tetrahydrobiopterin or a derivative thereof is in 
the natural stereoisomeric form. 

44. A pharmaceutical combination comprising at least 

(1) folic acid or a folate; and 

(2) tetrahydrobiopterin (BH4) 
or derivatives thereof 

45. The pharmaceutical combination as defined in claim 
44 wherein folic acid or a folate and tetrahydrobiopterin 
(BH4) or derivatives thereof are present in one dosage 
Within the range ftom about 0.1 to about 200 mg. 

46. A pharmaceutical combination comprising at least 

(1) folic acid or a folate; and 

(2) tetrahydrobiopterin (BH4); and 

(3) arginine, 

or derivatives thereof 

47. The pbarmaceub'cal combination as defined in claim 
46 wherein folic add,^folale or a derivative thereof and 

-leirahydrobioplerin-(BH4) and arginine arc present in one 
dosage within the range from about 0.1 to about 200 mg. 

48. The pharmaceutical combination as defined in claim 
46 wherein at least one of fojate or tetrahydrobiopterin or 
arginine or a derivative thereof is in the natural stereoiso- 
meric form. 

* • * • * 
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Tetrahydrobiopterin therapy of 
atypical phenylketonuria due to 
defective dihydrobiopterin 
biosynthesis 

PhenyiaIanme-4-hydroxylase, tyrosine-S -hydroxy- 
lase, and lryptophan-5-hydroxylase need 5, 6, 7, 8- 
tetrahydro-L-biopterin (BHJ as a coenzyme. BH4 
is formed in vivo from guanosine-irij)hosphate by 
several enzymatic steps leading to dihydrobiopterin 
(DHB). The latter is transformed Into (6 S)— or 
(6 R)— BH^ by the action of dihydropteridinc 
reductase 0HPR). The lack of any one of the 
enzymes involved in the BH* biosynthesis results in 
a deficiency of BH4 leading biochemically to non- 
functional hydroxylating systems arid clinically to 
variant forms of phenylketonuria . (PKU) (Kaufman 
ei aL, W5\ Bartholom^ et al, 1977), This paper 
concerns an infant with atypical PKU, who was 
treated successfully with chemically pure tetra- 
hydrobiopterin. 

Case report 

A baby ghrl weighed 2210 g at birth. The Guthrie 
test for PKU was negative on the 6th day of life, 
despite correct blood sampling and sufficient protein 
intake. At age .6 months severe muscle hypotonia 
and mental retardation were observed. At this time 
the seriun phenylalanme (McCaman and Robins, 
1962) was 20 mg/100 ml (1-21 nimol/1), A repeat 
test of the preserved Guthrie test paper confirmed 
<2 mg/lQO ml (0121 nunol/1), indicating that a 
very slow rise in blood phenylalanine had occurred 
after birth. A low phenylafanine diet was started. 
After 3 months no clinical improvement was 
observed and, therefore, further diagnostic pro- 
cedures were initiated. The phenylalanine^ 
hydroxylase activity in a liver biopsy (Bartholomi 
et al,^ 1975) was .22 (Jimol/g protein per hour 
(normal mean ± SD: 35-2 ± IM). for 
phenylalanine was 0 035 mmol/1 (normal). DHPR 
was 67 nmol NADH/mg protein per min 
(normal, 70-2^^91 -1, Barlholome et al., 1977, 
courtesy of S. Milstien and S. Kaufman). The 
phehylalanine-4-hydroxylase in vivo test (Curtius 
et ai:, 1972, 1977; Zagalak et al.. 1977), showed 



only 2% of the activity found in a control 
group. 

Tetrahydrobiopterin administration, IV and oral 

After having received the consent of the parents, the 
diet was interrupted and a therapeutic trial with 
BH4 was begun. For four days on a normal 
diet (about 120 mg phenylalanine/kg per day) the 
serum phenylalanine iacrcased from 2-1 to 20-4 
mg/J 00 ml(0- 1 27 to 1 • 234 mmol/I). Chemically pure 
(6 R, S)---BH..- 2 Hn,synthesised by Schircks^ro/. 
(1977) was administered intravenously (25 mg BH** 
2 HO, corresponding to 2 • 5 mg/kg, in 2 ml isotonic 
buffer of pH 3 0, containing 25 mg ascorbic acid, 
20 mg lactic acid, pH adjusted with 1 N NaOH). 
Three hours later, the serum phenylalanine decreased 
to 21 mg/100 ml. Six hours and 24 hours after the 
injection, the phenylalanine values were still 0-9 
and 21 mg/106 ml (0 05 and 0127 mmol/I) 
respectively. 24 hours after the first injection, a 
second injection of BH4 was given. The serum 
phenylalanine remained below 2- 1 mg/100 ml during 
the next 36 hoiinC . 

in a second therapeutic trial, 25 nig BH*- HQ 
w^rc administered twice within 6 days (Figure) 
through a gastric tube. Agam BH 4 was supplemented 
with ascorbic acid (1:4, w/w) and dissolved in 20 
ml water deaeratcd with N A striking decrease of 
the serum phenylalanine concentmtion was also 
observed. The therapeutic trial was then discon-^ 
tinued and the phenylalaninc-restricted diet was 
restarted, together with L-dopa, carbidopa, 'and 
S-hydroxytr^ptophan (Bartholom6 et aL, 1977). 

Discussion 

The following findings strongly suggest a defective 
biosynthesis of dihydropterin in our patient: 
normal activities of the apoenzymes of phenylalanine- 
4.hydroxylase and DHPR in liver biopsy; 
abnormal in vivo assay of phenylalanine-4- 
hydroxylase with a clinical picture similar to 
PKU; and the patient's prompt biochemical 
response to the administration of BH4. Moreover, 
the synthetic BH*, given intravenously, proved to 
have a potent effect in lowering the phenylalanine 
concentration in blood to normal values in this 
patient. The fact that it was equally effective when 




r 




Figure Decrease of serum phenylalanine concentration 
after oral administration ofBH\ • 2 HChascorhic 
acidO :4, w/w). Tfte child was on a normal diet. 
The first administration was before, and the second 
qfter a itieal of trulk. 



given orally proves that BHa 'is absorbed by the 
intestine. 

In a patient with suspected DHB reductase 
deficiency, Danks et oL (1975) found a rather 
low .response to IV administration of a BH« 
preparation, and no response at all to oral adminis* 
tration of 1 n>gBH4. 

EFT 4 is an essential coenz>'me, iiot only for the 
formation of tyrosine from phenylalanine in liver, 
but also for the formation of catecholamines and 
serotonin which occurs at the synapses within the 
brain. A patient with a defect in the biosynthesis of 
BH* would lack these biogenic amines in the brain 
if the BH4 administered could not penetrate the 
blood-brain barrier. Using the same BH 4 preparation 
as Danks et ai. (1975) in experiments on rats, 
Kettlcr et al (1974) thought the evidence suggested 
that BH4 did not penetrate the brain. However, 
the BH4 preparation used by these authors pre- 
sumably had low biological activity, and the 
question of the penetration of BH4 into the brain 
must be considered. This being so, patients with 
defective BH4 biosynthesis shofild be treated not 
only with BH 4 but also with L-dopa, carbidopa, 
and 5-hydroxytryptophan. We conclude that it 
should be possible to replace the low phenylalanme 
diet for such patients, with a normal diet and a 
BH 4 supplement. 
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Summary 

A patient with atypical phenylketonuria (defective 
BHs synthesis), detected at age 6 months because 
of severe muscle hypotonia and serum phenylalanine 
of 20 mg/iOO ml, had normal activities of 
phenylalanine-4-hydroxylase and DHPR in liver 
biopsy, but only 2% activity fai the phenyla- 
lanine-4-hyroxylase itt vivo test using deuterated 
phenylalatline. After IV administration of 2-5 
mg/kg chemically pure tetrahydroblopterin bis 
hydrochloride (BH4 • .2 HQ), scrum phenylalanine 
decreased from 20-4 to 2-1 mg/100 ml within 3 
hours. Administration of 25 mg BH4 • HC:i and 
100 mg ascorbic acid through a gastric tube de- 
creased serum phenylalanine from 13-7 to <]*6 
mg/100 ml within 3 hours and it remained <2 
mg/100 nil for 2 days. 

This work was supported by the Swiss National 
Science Foundation, Grant No. 3:642-^.75. 
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Diagnosis of phaeochromocytoma 
after ingestion of imiprianiine 

We describe a case of phaeocluomocytoma of the 
adrenal medulla in one of identical twin girls, 
diagnosed after the ingestion of imipramine. 

Case report 

An 11-year-oId u\v\ was admitted to hospital with a 
history of pallor and profuse sweating for 24 hours 
after a single dose of imipramine syrup (Tofranil 
50 mg). There had been a similar episode 2 months 
earlier after medication with a tablet of imipramine 
(50 mg). This drug had been prescribed by the 
family doctor for the treatment of nocturnal enuresis 
of a year's duration. After the first dose the girl had 
sweated profusely for about 12 hoirrs. Her mother 
stopped her medicine but decided to reintroduce it 
2 months later as bed-wetiing had persisted. Within 
6 hourS;the girl developed the symptoms which led 
to her admission. 

On examination she \vas 6 cm shorter and 5 kg 
lighter than her twin, despite being slightly taller 
and heavier a year earlier. She was pale, cold, and 
drenched in sweat, with a temperature of 36 -2*0. 
Her pupils were widely dilated but briskly reactive 
to Kght, and she had a pulse rate of 160/min, Her 
blood pressure was 110/85 mmHg and tliere were 
no other abnormal findings on physical examination. 
A random blood su^r was within nomnal limits and 
ECG showed sinus tachycardia, 
, By the next day her diastolic pressure had risen to 
100* mmHg and she continued in a state of sym- 




pathetic overactivity. A phaeochromocytoma was 
suspected. 

Investigations included measurement of urinary 
hydroxy-niethoxy-mandelic acid (HMMA) and 
metadrenaline levels. Both levels were raised at 
30 timol/24 h and 45-9 (imol/24 h respectively. 
Aortography confirmed the presence of a right-sided 
adrenal tumour. Her hypertension was controlled 
with oral phenoxybenzamine, and adrenalectomy was 
perfc^rmed with full anaesthetic precautions (Grout 
and Brown, 1969). Histological examination of the 
tumour confirmed the diagnosis of phaeochromo- 
cytoma. After surgeo' her blood pressure returned to 
normal and there was no further enuresis. Urinary 
HMMA and mctadrenaHiie levels fell to normal. 
Tlie screening test for phaeochrombcjioma was 
normal in her twin sister- 
Discussion 

Phaeochromocytoma is a rare condition and has 
been found once in a thousand necropsies in adults 
(Herman and Mornex, 1964). It lis estimated that 
0*5% of adult hypertensive patients in the USA 
have this tumour. For every 10 patients successfully 
treated, it is thought that there is one death from 
hypertensive crisis in a patient whose phaeochromo- 
cytoriia is demonstrated at neaopsy (Harrison, 
1976). lliis tumour is considerably rarer in children 
(Wotherspoon et al., J974)- most reports being of 
single cases. Syiriptonis of the disease may be pro- 
voked by agents which stimulate release o^ aminc^t 
thereby producing abnormal pressor responses in 
the tumour. Such pressor agents rnay be used in 
provocative tests for the diagnosis of phaeochromo- 
cytoma, and include histamine, tetitiethylammonium, 
and methacholinc (Beesoii and McDermott, 1971). 

Imipramine is a tricyclic antidepressant which is 
commonly iiscd lo treat nocturnal enur|^is m 
children. It possesses anticholinergic properties, and 
reported side effects include dryness of the mouth, 
dizziness, tachycardia, palpitations, and urinary 
retention. Excessive sweating has been reported 
although the mechanism is not knovim. Tricyclic 
antidepressants have also been shown to enhance 
the effects of catecholamines by blockade of active 
transport from cxtraceilular fluid to cytoplasmic 
mobile pool (Axclrod et aL, 1961). 

Our patient may have had an idiosyncratic reaction 
to imipramine. This may have been the result of 
direct adrenal stimulation by the drug, or in response 
to excess catecholamine production after blockade 
in the re-uptake mechanism by imipramine. We are 
unaware. of any previous report of phaeochromo- 
cytoma diagnosed after the ingestion of imipramine. 



EXHIBIT T 

Oral Administration of Tetrahydrobiopterin Prevents 
Endothelial Dysfunction and Vascular Oxidative Stress in 
the Aortas of Insulin-Resistant Rats 

Kazuya Shinozaki, Yoshihiko Nishio, Tomio Okamura, Yuichi Yoshida, Hiroshi Maegawa, 
Hideto Kojima, Masahird Masada, Noboru Toda, Ryuichi Kikkawa, Atsunori Kashiwagi 

Abstract— V/e have reported that a deficiency of tetrahydrobiopterin (BH4), an active cofactor of endothelial NO synthase 
(eNOS), contributes to the endothelial dysfunction through reduced eNOS activity and increased superoxide anion (O2') 
generation in the insulin-resistant state. To further confirm this hypothesis, we investigated the effects of dietary 
treatment with BH4 on endothelium-dependent arterial relaxation and vascular oxidative stress in the aortas of 
insulin-resistant rats. Oral supplementation of BH4 (10 mg • kg~* • d"*) for 8 weeks significantly increased the BH4 
content in cardiovascular tissues of rats fed high levels of fructose (fructose-fed rats). Impairment of endodielium- 
dependent arterial relaxation in the aortic strips of the fructose-fed rats was reversed with BH4 treatment. The BH4 
treatment was associated with a 2-fold increase in eNOS activity as well as a 70% reduction in endothelial O2" 
production compared with those in fructose-fed rats. The BH4 treatment also partially improved the insulin sensitivity 
and blood pressure, as well as the serum triglyceride concentration, in the fructose-fed rats. Moreover, BH4 treatment 
of the fructose-fed rats markedly reduced the lipid peroxide content of both aortic and cardiac tissues and inhibited the 
activation of 2 redox-sensitive transcription factors, nuclear factor- kB and activating protein- 1, which were increased 
in fructose-fed rats. The BH4 treatment of control rats did not have any significant effects on these parameters. These 
results indicate that BH, augmentation is essential for the restoration of eNOS function and the reduction of vascular 
oxidative stress in insulin-resistant rats. (Circ Res. 2000;87:566-573.) 

Key Words: tetrahydrobiopterin ■ insulin ■ endothelium ■ free radicals 



It is well known that insulin resistance contributes to the 
development of atherosclerosis.'-^ Insulin-resistant states 
such as hypertension^ and obesity* have been reported to be 
associated with defective insulin-mediated and endothelium- 
dependent vasodilation. It has also been shown that insulin- 
resistant nondiabetics without angiographically detectable 
coronary atherosclerosis have abnormal endothelial function,^ 
suggesting that the endothelium-dmved NO system is im- 
paired before the development of overt atherosclerosis. How- 
ever, the mechanism by which the insulin-resistant state 
might impair endothelium-dependent coronary vasodilation 
has not been elucidated. 

We recentiy demonstrated that endothelial dysfunction in 
the insului-resistant state is characterized by decreased endo- 
thelial production of NO as well as excess production of 
superoxide anion (Oj"), resulting in the degradation of NO 
before it caii reach to vascular smooth muscle cells.^ As 
previously suggested, (6/?)-5,6,7,8-tetrahydrobiopterin (BH4) 
is an important allosteric effector of NO synthase (NOS) 
through stabilization of the dimeric, an active form of the 



enzyme, and may play a key role in the control of the 
calcium-dependent production of NO and O2* in vivo.^ An 
insufficiency of BH4 leads to uncoupling of the L-argi- 
nine^NO pathway, resulting in increased formation of oxygen 
radicals by NOS and reduced NO production in vitro. '<>-i2 
Interestingly, we have shown that insulin stimulates the 
synthesis of BH4 through the activation of GIP cyclohydro- 
lase I, the rate-limiting enzyme in the de novo synthesis of 
BH4 in the aortic endothelium, and that BH4 synthesis is 
decreased in the insulin-resistant state.^ Thus, reduced NO 
production due to an insufficient amount of BH4 may be 
responsible for abnormal vasomotion in the insulin-resistant 
state. Excess 02~ reacts with NO and further limits the 
biologic activity of endothelial NOS (eNOS).^^ Moreovor, 
O2" leads to die formation of hydroxyl radicals, which may be 
cytotoxic to endothelial cells through the direct peroxidation 
of either lipids or proteuis.'^ In the present study, to further 
confum tiie significance of vascular BH4 content for abnor- 
mal endothelial dysfunction in the insulin-resistant state, we 
investigated the effects of the oral administration of BH4 on 
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TABLE 1. Metabolic Effects of Tetrahydrobiopterin Treatment on Fructose-Induced 
Insulin Resistance 





Control Group 


Control +BH4 Group 


Fructose Group 


Fructose+BH4 Group 


WeiahL o 


338±8.6 


340±8.8 


344±8.2 


342±8.0 


Glucose, mg/dL 


91.2±1.6 


94J±7.5 


96.2±1.2 


9S.6±6.0 


Insulin, /lU/mL 


16.6±2.9 


18.0±4.2 


31.2±2.4»§ 


24.0±1.7 


Total cholesterol, mg/dL 


52.8i6.2 


49.8:t3.0 


6a8±6.2 


66.6±3.6 


Triglycerides, mg/dL 


65.6±10.6 


68.0±7.8 


188.4±18.9*11 


148.4+36.2 


Systolic BP. mm Hg 


115.4±2.7 


113.8±2.5 


146.4±2.1M 


131.0+2.3** 


Diastolic BP, mm Hg 


61.6±7.6 


63.6±2.9 


83.4±2.9t1l 


77.2±2.6 


SSP6, mg/dL 


121 ±5 


128±8 


196±10*|| 


162±5** 



Control+BH4 indicates rats fed a standard chow supplemented with 10 mg • kg"^ • d"^ 
high-fructose chow; Fructose +BH4, rats fed a high-fructose chow with 10 mg • kg"' • d"' 

*P<0.05. t/^0.01, *P<0.001 vs Control Group. §P<0.05, 1|P<0.01. ||P<Q.0Q1 
**P<0.05 vs Fructose Group. Values are mean±SEM. 



BH4; Fructose, rats fed a 
BH4; BP, blood pressure, 
vs Control +BH4 Group. 



the endothelium-dependent vasorelaxation, endothelial NO 
and O2' production, and oxidative stress-related activation of 
transcription factors and membrane lipid peroxidation in 
cardiovascular tissues of insulin-resistant rats. 

Materials and Methods 

Sapropterin hydrochloride, chemically synthesized BH4, was a gift of 
Suntory Lid. Acetylcholine chloride was purchased from Dai-ichi 
Pharmaceutical Co. Papaverine hydrochloride was obtained from 
Dainippon Co. Concanavalin A (ConA)-Sepharose was obtained 
from Amersham Pharmacia Biotech. L-[^H]Argininc and [^PJdCTP 
were purchased from New England Nuclear Research Products. 
Niu-ate ion standard solution was obtained from Kanto Chemical Co. 
All other materials were reagent grade and were purchased from 
Sigma Chemical Co. 

Animals 

Male Sprague-Dawiey rats (Japan SLC Inc) weighing 150 g were 
housed in an environmentally controlled room with a 12-hour 
light/dark cycle and free access to laboratory chow and water. The 
animals were divided into 4 groups and fed ad libitum 1 of the 
following diets for 8 weeks: (1) standard chow (conux)l rats), (2) 



standard chow supplemented with 10 mg • kg"* • d"* sapropterin 
hydrochloride (BH4), (3) a diet high in fructose, or (4) a diet high in 
fructose with 10 mg • kg"* • d"' BH4. The normal chow (ORIENTAL 
YEAST) consisted of 58% carbohydrate (no fructose), 12% fat, and 
30% protein (N/N). The high-fructose diet (ORIENTAL YEAST) 
contained 67% carbohydrate (of which 98% was fructose), 13% fat, 
and 20% protein by energy percent. The animals were administered 
an intraperitoneal injection of sufficient sodium pentobarbital for 
anesthesia before they were killed. Both systolic and diastolic blood 
pressure measurements were made with the tail-cuff method with an 
electrosphygmomanometer after the rats, were pre warmed for 15 
minutes. Insulin sensitivity was measured according to the steady- 
state plasma glucose (SSPG) method with the use of somatostatin, as 
originally descril)ed by Harano et al.^^ 

Biopterin Content, GTP Cyclohydrolase I, and 
Dihydropteridine Reductase Activities 

Measurements of biopterin content were performed with HPLC 
analysis as previously described.^*''*^^ The amount of BH4 was 
estimated from the difference between the total (BH4 plus BHj plus 
oxidized biopterin) and alkaline-stable biopterin (BH2 plus oxidized 
biopterin). GTP cyclohydrolase I activity was assayed according to 
the HPLC mediod with measurement of neopterin, which was 



TABLE 2. Aortic Biopterin Contents and Plasma and Erythrocyte Biopterin Levels in Study Animals 

Corrtroi Group Corrtroi+BH4 Group Fructose Group Fnictose+BHi Group 

Aortic content 

BH4, pmol/mg protein 5.19±0.14 5.93±0.05t 4.71 ±0.13*11 6.16±0.10t.tt 

7.8-BH2+biopterin. pmol/mg protein 0.91 ±0.02 1.01 ±0.01 3.13±0.08t1l 3.21 ±0.09n 

BH4/7,8-BH2+ biopterin 5.69±0.01 5.84±0.0r 1.50±0.01t11 1.92±0.071l*tt 
Plasma concentration 

BH4.nmol/L 6.44±0.86 10.4±0.66* 6.64±0.28|| 11.1±0.43nt 

7.8-BH2+biopterln, nmol/L 1.61 ±0.21 1.88±0.11 2.99±0.11t|| 3.68±0.20t|I 

BH4/7.8-BH2+biopterin 3.98±0.04 5.49±0.04 2.23±0.02t1l 3.03±0.05r 
Erythrocyte concentration 

BH4,nmoI/L 14.1 ±0.52 17.6±0.49* 10,7±0.47*§ 18.5±1.6*tt 

7,8-BH2+blopterin, nmoi/L 3.40±0.13 5.11 ±0.11 7.20±0.31t a39±0.82 

BH4/7,8-BH2+biopterin 4.16±0.01 3.46±0.17 1.49±0.0yil 3.22±0.53tt 

*P<0,05, t/^0.01 , iP<0.0001 vs Control Group. 
§P<0.05, ||P<0.01, 1|P<0.001 vs Controi+BH* Group. 
•*P<0.01, ttP<0.001 vs Fructose Group. 

Statistical analysis among the 4 groups was made with multiple comparison test with ANOVA and Scheff^'s post hoc comparison. 
Values are mean±SEM (n-4). 
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released from dihydroneopterin triphosphate after oxidation and 
phosphatase treatment.*' Dihydropteridine reductase (DHPR), the 
recycling enzyme that produces BH4 from BH2, was assayed accord- 
ing to the method of Arai et al.>' 

Isometric Tension Studies 

Isometric tension studies were performed as previously described.^ 
The thoracic aorta (0.6- to 0.8-cm outside diameter) was isolated and 
cut into strips with special care taken to preserve the endothelium. 
The strips were partially precontracted with L-phenylephrine. After a 
plateau was attained, the strips were exposed to acetylcholine, the 
calcium ionophore A23187, or sodium nitroprusside to construct 
dose-response curves, which were corrected with the maximal 
relaxation induced by 100 /xmol/L papaverine. In some strips, the 
endothelium was removed through gentle nibbing of the intimal 
surface with a cotton ball. 

Measurements of NOS Activity and NO Content in 
Aortic Endothelial Cells 

Endothelial NOS activity was measured by the conversion of 
L-['H]arginine to L-[^H]citruIline as previously described.^'^o jhe 
Ca**-dependent enzyme (eNOS) activity was determined as the 
difference between the L-pHJcitrulHne generated from control sam- 
ples without EGTA and from those that contained 3 mmol/L EGTA. 
The concentration of NO in the aortic tissues was determined with a 
highly sensitive NO measurement system (FES -450; Scholar-Tec Co 
Ltd) as previously described.^ 

Measurement of Ex Vivo Aortic O2" Production 

Oj" production in aortic segments was measured according to the 
lucigenin-enhanced chemiluminescence method.^'*^ Segments of 
the thoracic aorta (20 mm) were isolated as described earlier, placed 
in modified Krebs/HEPES buffer (pH 7.4), and allowed to equili- 
brate for 30 minutes at 37^C. After 5 minutes of dark adaptation, 
scintillation vials that contain 2 mL Krebs/HEPES buffer with 
50 fimoUL lucigenin were placed into a scintillation counter (TRI- 
CARB1500; Packard Instrument Co) switched to the out-of- 
coincidence mode. Lucigenin counts were expressed as cpm/mg dry 
wt vessel. More than 90% and 80% of the chemiluminescence were 
inhibited with the pretreatment of arterial segments with either 
10 /tmol/L Tiron (which is a cell-permeable scavenger of O2") and 
100 U/mL superoxide dismutase (SOD) (which is a cell- 
impermeable scavenger of O2"*), respectively (data not shown). O2" 
production was also measured according to the cytochrome c 
method.^ The production rate of O2' that was inhibited by 
Cu^'^^Zn^'^-SOD (400 U/mL) was calculated on die basis of the molar 
extinction coefTicient of succinoylated cytochrome c. 

Measurement of the Lipid Peroxide Content in 
Cardiovascular Tissues 

The lipid peroxide contents of the aortic and cardiac tissues were 
measured as described previously.24.23 The lipid fraction of the 
sample was extracted with the use of a chloroform/methanol solution 
and resuspended in 100 /iL methanol with or without 10 mmol/L 
triphenylphosphine. After the mixtiu-e was incubated for 1 hour at 
room temperature, 900 /iL FOXII reagent^* was added. The differ- 
ence of absorbance at 560 nm between die sample with and that 
without triphenylphosphine Was considered to reflect the lipid 
peroxide content. A standard curve was constructed with hydrogen 
peroxide. 

Electrophoretic Gel Shift Assay 

Nuclear extracts were prepared according to our previously de- 
scribed method^^ and stored at —SOX. The DNA probes for nuclear 
factor- kB (NF-kB), activating protein- 1 (AP-1), and specificity 
protein-l (Sp-1) (Promega) were labeled with pPJATP and T4 
polynucleotide kinase. For competition studies, the experimental 
conditions were identical, except that the appropriate competitor 



oligonucleotides were added at a 50- to 100-fold molar excess to the 
reaction mixture before the addition of nuclear extract 

Statistical Analysis 

All values are expressed as mean±SEM. The dose-dependent 
vascular relaxation was compared among the 4 groups with repeated 
measures ANOVA. Vascular responses were compared among the 4 
groups with 2-way ANOVA. Comparisons among those groups were 
performed with ANOVA with a post hoc Scheff^*s comparison. A 
value of P<0.05 was considered statistically significant 

Results 

Metabolic Characteristics and Blood Pressure of 
the Rats 

As shown in Table 1, animals fed high levels of fructose 
showed significant elevations of plasma insulin, triglyceride, 
blood pressure, and SSPG compared with control rats. On the 
other hand, the treatment with BH4 significantly lowered 
systolic blood pressure and the SSPG level and tended to 
decrease diastolic blood pressure, insulin* and triglyceride 
levels in fructose-fed rats. However, this agent did not affect 
any of these parameters in control rats. 




«5 0 



Control Control Fnictom Fmetoao 
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Figure 1. Effects of dietary BH4 on GTP cyclohydrolase I (A), 
DHPR (B), and eNOS activity (C) In aortas from control and high 
fructose-fed rats. Aortic vessels were harvested from rats fed 
standard chow (Control), standard chow supplemented with 10 
mg • kg"^ • d"^ sapropterin hydrochloride (BHJ (Control +BH4), 
high-fructose chow (Fructose), or high-fructose chow with 10 
mg • kg"^ • d*^ BH4 (Fmctose+BHJ. After 8 weeks, segments of 
thoracic aorta were harvested and assayed for each enzyme 
activity as described In Materials and Methods. The activities of 
GTP cyclohydrolase I, DHPR, and eNOS were expressed as 
pmol/mg protein, /imol • min"' • mg proteln"\ and pmol • min"^ • 
mg proteln~\ respectively. Data are expressed as mean±SEM 
of duplicated detenninations from 4 different experiments. 
tP<0.01, tP<0.001 vs control rats. *P<0.01, §P<0.001 vs 
control+BH4 rats. 11P<0.05 vs fructose+BH4 rats. 
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TABLE 3. Effect of Tetrahydrobiopterin Feeding on Nitrogen Oxide (Nitrate Pius Nitrite) 
Production From Aortic Vesseis With Endotheiium 







Vascular Nitrogen Oxide (Nitrate Plus Nitrite) Production, 
pmol • • mg dry wt of vessel*^ 


Incubation Condition 


Control Group 


Controt+BH4 Group 


Fructose Group 


Fmctose-f BH4 Group 


Buffer alone 


48.2±3.5 


45.6±2.4 


30.5±3.0||1l 


38.6±1.8 


+A23187 (10 M'mol/L) 


134i18.9* 


123±12.6t 


55.8±5.7tlir 


103.8±6.0t 


+L'NAME(10/i;nol/L) 
+A23187 (10 /imd/L) 


29.5±4.9t 


24.7±2.2§ 


39.6±2.5 


26.5±4.2§ 



Production of nitrogen oxide (nitrate plus nitrite) from aortic vesseis with and without stimulation of A23187. Basal 
concentrations were measured in the absence of calcium ionophore A23187 (10 fxmol/L). Vascular nitrogen oxide 
release was measured after stimulation with A23187, as well as in the presence of 10 ^ol/L L-NAME 

*P<0.05. t/^0.01 vs the corresponding basal values (buffer alone). 

fP<0.05, iP<OJO^ vs the corresponding values of stimulation with A23187. 

||P<0.01 vs the corresponding values of Control Group. 

^1/^0.01 vs the corresponding values of Control+BH4 Group. 

**P<0.05 vs corresponding values of FnJctose+BH4 Group. Values are expressed as mean±SEM (n=5). 



Biopterin Content, GTP Cyclohydrolase I, and 
DHPR Activities 

The BH4 content of both the aorta and erythrocytes in 
fructose-fed rats were significantly lower than those in 
control rats (Table 2). In contrast, fructose-fed rats showed 
3.4-, 1.9-, and 2.1 -fold elevations of 7,8-BH2 plus biopterin in 
the aorta, plasma, and erythrocytes compared with control 
rats, respectively. Rats fed a diet that contained BH4 demon- 
strated a significant elevation of BH4 level compared with the 
control rats, whereas BH4 treatment did not significantly alter 
the content of 7,8-BH2 plus biopterin. 

As shown in Figure 1 A, GTP cyclohydrolase I activity in 
the aortas of fructose-fed rats was significantly lower than 
that of control rats. Fructose-fed rats treated with BH, showed 
a significant elevation of the enzyme activity compared with 
fructose-fed rats, whereas the activity in control rats was not 
affected by the BH4 treatment. The activity of DHPR, the 
recycling enzyme that converts BHj to BH4, in the aorta of 
fructose-fed rats was also significantly lower than that of 
control rats (Figure IB). However, the activity in fructose-fed 
rats was not affected by the BH4 treatment. 



Effects of BH4 Treatment on NOS Activity and 
NO Production by Endothelial Cells 

The eNOS activity was significantly depressed in fructose-fed 
rats (from 63.4 to 22.5 pmol • min"^ • mg protein'*) (Figure IC). 
The administration of BH4 to fructose-fed rats significantly 
elevated the enzyme activity to 50.1 pmol • min"* • mg p^otein"^ 
whereas tiie activity in control rats was not affected by the 
treatment with BH4. There was no significant difference of 
Ca^'^-independent NOS activity in the homogenates of aortic 
endothelial cells among the 4 groups of rats. 

As shown in Table 3, after stimulation with A23187, die NO 
production in fhictose-fed rats was signiUcantiy increased by the 
BH4 treatment After the preincubation of die vessels with 
A^-nitro-L-arginine methyl ester (L-NAME), the A23187- 
stimulated NO production was reduced approximately to the 
basal level, and tfie diffoences among the 4 groups disappeared. 

Superoxide Anion Generation From Aortas With 
or Without Endothelium 

As shown in Table 4, the basal O2" production by the aortic 
segments with endothelium (group B) from fructose-fed rats 



TABLE 4. Effect of Tetrahydrobiopterin Feeding on Superoxide Anion Production by Endotlielial Nitric Oxide Synthase 

Vascular Superoxide Production, cpmxiO^/mg dry wt of vessel 



Group 


Endothelium 


Incubation Condition 


Control Group 


Control+BM4 Group 


Fructose Group 


Fructose+BH4 Group 


A 




Buffer alone 


18.4±3.2* 


22,8±3.7* 


20.4±2.8t 


23.5±3.2* 


B 


+ 


Buffer alone 


27.6±5.7 


41.1il2.5 


73.4±20.3§ 


34.5±6.2 


C 


+ 


+A23ia7 (10 ^ol/L) 


58.3±ig.6t 


64.9±12.6* 


232.6±60.2||1|**t 


67.8±8.2t 


D 


+ 


+S0D (100 U/mL)+A23187 (10 /xmol/L) 


28.2±11.n 


42.8±8.7t 


47.0±17.7t* 


29.5±5.7t 


E 




+L-NAME (10 ^mol/L)+A23187 (10 ^moy\) 


46.4±10.3 


54.1 ±9.7 


64.3±12.4t 


55.8±9.2 



Basal production was measured without calcium ionophore A23187 (10 /xmol/LJ in the at)sence (group Pi or presence (group B) of endothelium. Vascular superoxide 
production was measured after stimulation with A23187 (group Q, as well as in the presence of either 100 U/mL Cu^'^^^'^-SOD (group D) or L-NAIME (10 /tmol/L). 
*P<O.Ob, t^O.01 vs the corresponding vessels of group B, with unpaired Student's f tesL 
tP<0.05 vs the corresponding vessels of group B. 
§P<0.05 vs Control Group 6. 
||P<0.01 vs Control Group C, 
1|P<0.01 vs Control+BH4 Group C. 
**/^0.01 vs Fructose+ BH4 Group C. 

Statistical analysis among the 4 groups was made with multiple comparison test with ANOVA and Scheffd's post hx comparison. Values are mean±SEM (n=5). 
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was significantiy higher than that of control rat aorta 
(P<0,05). Removal of the endothelium slightly (33%) re- 
duced the 02~ level in control vessels, whereas a marked 
reduction (72%) in O2" production was found in the endo- 
thelium-denuded vessels of fructose-fed rats (group A). The 
Oa" production was significantly increased by A23187 in ail 
groups, and the increase was greater in the fructose-fed rats 
than in the control rats (group C). BH, treatment did not affect 
basal or A23187-stimulated 02" production in control rats. 
However, in the fructose- fed rats, the A23187-stimulated O2" 
production was significantly decreased to the levels of control 
rats by the treatment with BH4. The increase in O2" produc- 
tion in fructose-fed rats was abolished, resulting in basal-level 
production after incubation with either Cu^'^,Zn'"^-SOD 
(group D) or L-NAME (group E). 

To confirm the validity of the lucigenin method for the 
measurement of 02~ in our systems, we also measured 
vascular basal O2" production according to the cytochrome c 
method. 02~ production by aortic segments (n=4) from the 
fructose-fed rats {3.58±0.33 nmol • min"* • mg"' dry wt 
vessel) was significantly higher than that of segments from 
control rats without (L48±0.28, P<0.001) or with 
(1.10±0.23, P<0.000\) BH4 treatment and than that of 
segments from BHi-treated fructose-fed rats (1.85±0.19, 

p<om). 

Effects of BH4 Treatment on Vascular Reactivity 

The addition of either acetylcholine or A23187 produced a 
dose-dependent relaxation in aortic strips (Figures 2A and 
2B). The maximal response was significantly reduced and the 
EDso value was increased in the aortas derived from the 
fructose-fed rats compared with those from the control rats. 
The dose-relaxation curve in the aortas from BRj-treated 
control rats was similar to that of control rats, whereas the 
curve in the aorta from fructose-fed rats was significantly 
improved by the BH4 supplementation. Vasodilator responses 
to sodium nitroprusside were almost identical among the 4 
different groups (Figure 2C). The acetylcholine-induced re- 
laxation in aortic strips from all 4 groups was abolished by 
either treatment with 10"* raol/L L-NAME or endothelial 
denudation (data not shown). 

Lipid Hydroperoxide Content and Activation of 
NF-kB and AP-1 in the Aortas and Hearts 
The lipid hydroperoxide contents of the aorta and cardiac 
ventricle from fructose-fed rats were significantly higher than 
those of the control rats, respectively (Figure 3). The treat- 
ment with BH4 completely restored the content to the control 
level in the fructose-fed rats. As shown in Figure 4A, the 
binding of the nuclear extract of the aorta of the fructose-fed 
rats to an oligonucleotide that contained the NF-kB consen- 
sus sequence was markedly increased compared with the 
binding in the extract from the control rats. However, the 
treatment of fructose-fed rats with BH4 restored the level of 
binding to the control level. The level of binding of the 
oligonucleotide that contained the NF-kB sequence by the 
nuclear protein obtained from the hearts of fructose-fed rats 
was also increased compared with that of the nuclear protein 
obtained from control rats (Figure 4D). This increase in 
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Figure 2. Effects of dietary BH4 on vasodilator responses to 
acetylcholine (/^, calcium ionophore A23187 (B). and sodium 
nitroprusside (C) In aortic strips with endothelium from control 
and high fructose-fed rats. Aortic vessels were harvested from 
Control (■), Control+BH4 (•), Fructose (A), and Fructoses BH4 
(♦) groups for a period of 8 weeks. The strips were partially 
precontracted with L-phenylephrine. Relaxation Induced by 
100 /imol/L papaverine was taken as 100%. Data are expressed 
as mean±SEM (n=6), *P<0.05, ^P<0.001 vs Control strips. 
§P<0.05, #P<0.01 vs Control+BH4 strips. t/^<0.05. 1|P<0.01 
vs Fructose+BH4 strips. Data are expressed as mean±SEM 
(n=6). Cone, indicates concentration of each drug. 
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Aorta 
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Figure 3. Effects of dietary BH* on either aortic (top) or cardiac 
(bottom) iipid peroxide contents in control and high fructose-fed 
rats. After 8 weeks, segments of thoracic aorta and heart were 
harvested and assayed for lipid peroxide content as descrit)ed 
in Materials and Methods. Data are expressed as mean±SEM of 
4 different experiments. •P<0.01 vs Control rats. tP<0.05, 
§P<0.01 vs Control+BH4 rats. 4P<0.05 vs Fructose+BH4 rats. 

binding activity was also abolished by the BH4 treatment 
(Figure 4D). Consistent with the results for NF-kB, the AP-1 
binding of the nuclear extracts from both the aorta and heart 
from fructose-fed rats was also increased, and treatment with 
BH4 also prevented those increases in AP-1 binding (Figures 
4B and 4E). In contrast, Sp-1 binding of the nuclear protein 
from the aorta and heart did not differ among the 4 groups 
(Figures 4C and 4F). BH4 treatment did not affect the binding 
activities of NF-kB or AP-1 in control rats. 

Discussion 

The oral administration of BK, to insulm-resistant rats re- 
stored endothelium-dependent vasodilation via the activation 
of eNOS. Furthermore, the treatment of fructose-fed rats with 
BH4 caused a reduction in both endothelial O2" generation 
and lipid peroxide content in cardiovascular tissues. How- 
ever, the sensitivity of aortic smooth muscle to sodium 
nitroprusside did not differ among the 4 groups of rats. These 
results suggest that BH4 specifically affects endothelium- 
dependent pathways in insulin-resistant rat vessels. Further- 
more, the results demonstrated that the increased binding 
activity of 2 redox-sensidve transcription factors, NF-kB and 
AP-1, in insulin-resistant rats was also prevented by the 
treatment with BH4. 

Biopterin metabolism is critical for the regulation of NOS 
activity. It has been suggested that depletion of BH4 and 
reducdon in the BH/7,8-BH2 ratio are critical for the regu- 
lation of endothelial production of O2" as well as NO.^'*^ In 
the present study, BH4 supplementation significantly in- 




Figure 4. Effects of dietary BH4 on the transcription activities of 
NF-kB, AP-1 , and Sp-1 in the aortas and hearts of 4 different 
rats. Electrophoretic mobility shift assay of the transcription fac- 
tors, which bound to the consensus nucleotide sequence for 
NF-kB (A and D), AP-1 (B and E), and Sp-1 (C and F). was per- 
formed with 2 to 5 nuclear protein isolated from either aortas 
(A through C) or hearts (D through F) of rats, respectively. Lane 
C shows the addition of excess amount of cold oligonucleo- 
tides. Aortic vessels were harvested from Control (lane 1), 
Control +BH4 (lane 2), Fructose (lane 3). or Fructoses BH4 (lane 
4). After 8 weeks, segments of thoracic aorta and heart were 
harvested and prepared for nuclear extracts as described In 
Materials and Methods. 

creased the vascular content of BH4, restored NO production, 
and reduced A23187-stimulated O2" production in the aortas 
from fructose-fed rats. Previously, we found that the insulin- 
resistant state induced a decrement of eNOS activity without 
affecting the eNOS mRNA expression in the aorta of rats.^ 
Consistent with these results, we could not find any increase 
in either eNOS protein or mRNA expression in the aortas of 
fructose-fed rats in response to BH4 supplementation (data 
not shown). Therefore, it is clear that impaired BH4 synthesis 
in the aortas of rats in the insulin-resistant state is closely 
associated with a decrement in eNOS activity rather than with 
the expression level of the protein. 

An important question that remains to be answered is how 
the insulin-resistant state affects biopterin metabolism. In 
mammalian cells, BH4 is synthesized through 2 distinct 
pathways: 1 is a de novo synthetic pathway that uses OTP as 
a precursor, and the other is the regeneration of BH4 from BH2 
through a pterin salvage pathway.'^ A quinonoid form of BH2 
(qBH2) is generated when BH4 is used for NO synthesis."' 
The reduction of qBH, to BH4 proceeds through the action of 
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DHPR. There are several lines of evidence that suggest the 
vascular effects of insulin are impaired in various insulin-re- 
sistant states, including hypertension, obesity, and diabe- 
tes.5.6.26.27 In the present study, we found that DHPR as well 
as GTP cyclohydrolase I activities in the endothelial cell were 
reduced in the insulin-resistant state. Previously, we found 
that endothelial BH4 content and the activity of GTP cyclo- 
hydrolase I were markedly increased, whereas the levels of 
BH2 were markedly decreased, in the aortas of exogenous 
hyperinsulinemic rats without insulin resistance.^ Therefore, 
it appears that insulin stimulates BH4 synthesis via the 
activation of GTP cyclohydrolase I and DHPR^s and that 
those effects of insulin effect are impaired in the insulin-re- 
sistant state. On the other hand, the biosynthesis of BH4 
depends on a normal cellular redox state, and oxidative stress 
impairs the endothelial recycling of BlU-^^ The present 
findings of increased vascular O2" production and 7,8-BH2 
levels imply that the increased production of reactive oxygen 
species in the insulin-resistant state resulted in enhanced 
oxidation of BH4. It is therefore possible that both insulin 
resistance and increased oxidative stress contribute to im- 
paired production of BH,. 

It is still unclear whether the eNOS dysfunction is due to 
the decreased BH* levels or the decreased BH/7,8-BH2 
ratio.*2 Under control conditions, BH4 supplementation did 
not affect endothelial NO/O2" generation or the vasoreactiv- 
ity to A23187, indicating that the content of intracellularly 
stored BH4 is sufficient to maximally activate eNOS. The 
increase in the ratio of BH4/7,8-BH2 in the BH4-treated 
fructose-fed rats (Table 2) was smaller than the change in 
BH4 content itself. These results suggest that the content of 
intracellularly stored BH4 rather than the ratio of BH/7,8- 
BH2 was a determining factor for the formation of endothe- 
lium-derived NO under the conditions of this study. 

Insulin resistance causes oxidative stress to cardiovascular 
tissues and the release of oxygen free radicals from endothe- 
lial cells. Consistent with the increased lipid peroxidation of 
the membrane fraction in fructose-fed rats, both NF-kB and 
AP-1 were markedly activated in cardiovascular tissues. A 
previous report also indicated that both NF-kB and AP-1 are 
activated by oxidative stress.3o In the present study, treatment 
with BH4 normalized the vascular O2" production, membrane 
lipid peroxidation, and NF-kB and AP-1 activation in cardio- 
vascular tissues of insulin-resistant rats. Based on the fact that 
activation of these transcription factors is related to the 
alteration of the expression of various atherogenic genes,^^ 
the present findings suggest that sufficient supplementation 
with BH4 might help to prevent or delay the occurrence of 
cardiovascular diseases in the insulin-resistant state. 

Whether the partial improvements of insulin sensitivity and 
blood pressure in BH4-treated insulin-resistant rats are pri- 
marily associated with restored endothelial function remains 
unknown, although it is clear that impairment of endothelial 
function precedes the development of hypertension in the 
insulin-resistant status.^' Baron and coworkers have shown 
that insulin-mediated vasodilation is impaired in patients with 
insulin resistance^'^-^? ^^d that the defective insulin-mediated 
vasodilation accounts for 20% to 30% of the decrement in 
insulin action (insulin resistance).^^ Therefore, the restoration 




of endothelial function by BH4 may contribute to a mecha- 
nism to prevent the rise in blood pressure and insulin 
resistance seen in fructose-fed rats. However, we cannot 
exclude the possibility that partial restoration of blood pres- 
sure by BH4 supplementation may further improve vascular 
dysfunction in die insulin-resistant state. 

In conclusion, the novel observation in the present study 
was that the oral administration of BH4 to insulin-resistant 
rats restored endothelium-dependent vasodilation and re- 
lieved vascular oxidative stress, at least in part through eNOS 
activation. The impaired endothelial function and the in- 
creased oxidative stress in the aorta are due to insufficient 
synthesis of BH4, resulting in reduced activity of eNOS. 
Recent reports have demonstrated that the short-term admin- 
istration of BH4 restores endothelial function in hypercholes- 
terolemic humans^^ and smokers.^^ Further studies are re- 
quired to clarify the useftilness of BH4 treatment for the 
prevention of endothelial dysfunction and the development of 
cardiovascular diseases in insulin-resistant patients. 
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The efTect of tetrahydrobiopterin (BH4) adininlsb-ntion 
was studied In three Infants with BH4 rcsponsfve phenyl- 
alanine hydroxylase (PAH) deficiency by correlating 
different oral BH4 doses with plasma phenylalanine levels 
under defined protein intake. 

Primary hyperphcnylalaninacmias are either ciiused 
by loss of activity of PAH (EC 1.14.16.1) or by lack of 
its cofactor {(5/?).L-c'r;»/y^r£i.5,6,7,8.tetrahydrobiopterin 
(BH4). PAH deficiency and disorders of BH4 metabolism 
can be diflTcrentiated by a BH4 loading test. Recently, 
however, several patients with BH4 responsive PAH 
deficiency have been described (1, 4, 5, 6]. 

BH4 responsiveness was initially demonstrated for 
our patients I, 2 and 3, detected on neonatal screening, 
by oral BH4 loading tests (data not shown). Cofactor 
deficiency was excluded by normal urinary pterin con- 
centrotions, normal activity of dihydropteridine reduc- 
tase in erythrocytes and (for patient 2j by nonual 
neurotransmitter concentrations in CSF (data not 
shown). PAH deficiency was confirmed by finding 
common PAH gene mutations in all patients; AI04D + 
K320N in patient I and Y414C + Y4I4C in patient 2 
suggested a mild PKU phenotype. whereas A403V + 
A395P in patient 3 suggested a mild hyperphenyialan- 
inaemia phenotypc not requiring dietary treatment [2], 

Patients 1 and 2 were selected for the investigation of 
their BH4 response in detail, to find tlic optimal BH4 
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dose and to explore a possible long-term BH4 trcntmcnt. 
For this purpose, plasma phenylalanine levels were 
correlated with different oral BH4 doses under a protein 
intake corresponding to 100-150 mg phenylalanine/kg 
body weight and day (Fig, 1). In palienl I (Fig. I A), 
plasma phenylalanine levels fell remarkably within 12 h 
after application of 10 nig/kg BH4. In the case of patient 
2, the BH4 response was slightly dilTcrcnt (Fig. IB) as a 
daily BH4 dose of 5 ing/kg body weight was not sufli- 
cient to maintain phenylalanine values below 10 rag/dl. 
Both children with mild PKU (patients I and 2) were 
continued on oral BH4 supplenicntiilion and were fed 
without protein restriction or spcdul phcnylalanine-frcc 
formulae. During the past 12 months, plasma phenyl- 
alanine concentrations of patients I and 2 remained 
within the desirable range at daily BH4 doses between 5- 
10 and 10-20 rag/kg body weight respectively. Both in- 
fants have developed normally so far, 

Wc have identified three children with PAH genotypes 
for which BH4 responsive hypcrphcnylalaninacmiu has 
not been previously reported. In additioti, wc report the 
first patient (patient 2) with BH4 sensitivity who is ho- 
mozygous for one mutation (Y414C). Tliis indiciUcs thul 
PAH hetcrotetiimiers as well as PAH homolctramcrs arc 
compatible with BH4 responsiveness. Our findings ques- 
tion the concept of decreased cofactor alTinity as a valid 
explnnadon for BH4 responsiveness as no defined struc- 
tural motif responsible for the pertui-balion of BH4 
aflinity can be deduced from published mutations. Sur- 
prisingly, diflTcrcnt individuals with uu idenlical PAH 
genotype (R408W/Y414C) have shown divergent BH4 
responsiveness [5], In fact, two large studies on gcnotypc- 
phenotype correlation revealed several PAH alleles with 
inconsistent phenotypcs [2,3], Similarly, homozygosity 
for the Y414C mutation, tlie second most common PAH 
allele in Northern Europe, has not been linked to a BH4 
responsive phenotypc before. 

Several explanations for these phenomena are possi- 
ble. Assuming that no enzymjB other than PAH is in- 
volved ui thchydroxylation of phenylalanine to tyrosine, 
one can consider two eflFects conferred by a high BH4 
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Fig. 1. Response of blood 
phenylalanine levels to oral 
BH4 doses for patients 1 and 2. 
The dnily protein intake was 
100-150 mg/kfi body weight for 
both patients. Samples were 
taken and analysed for phenyl- 
alanine content {fiUed diamonds) 
approxinmtely eveiy 4 h before 
the next dose of BH4 was 
administered. A Patient I re- 
sponded well to doses as low as 
5 rag/kg per day of BH4 {btack 
colunvtSt rigkt-sidfd scale), B In 
contrast, patient 2 showed no 
response to a 5 mg/kg per day 
dose of BH4 but had low and 
stable blood phenylalanine 
levels at a dose of 10 mg/kg 
per day 
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concentration. Either the total amount of PAH could be 
increased, thereby increasing the absolute amount of 
active enzyme or the total amount of PAH keeps con- 
stant but the overall activity of the enzyme is amelio- 
rated. There is no experimenta] evidence for a 
transcriptional or translational increase in PAH syn- 
thesis or a direct inhibition of PAH degrading proteases. 
However, we consider it most likely that interindividual 
differences in cellular handling of PAH folding mutants 
will contribute to the observed phenotypic variability 
and may modulate the responsiveness to BH4 activation. 

Since one of our patients (patient 2) showed a 
rather moderate response to BH4, we consider a 24 h 



phenylalanine determination after the first BH4 ad- 
ministration helpful to detect slow-responding individ- 
uals. As a consequence of our observations, we 
recommend to determine individually the oral BH4 
dose necessary to maintain the blood phenylalanine m 
the desired range, as our patients required quite di- 
vergent BH4 doses during treatment, ranging from 5 to 
20 mg/kg and day. Our results indicate the feasibility 
of a BH4 monotherapy in selected patients with phe- 
nylketonuria. Furthermore, evidence from our and 
previous studies substantiates the role of additional 
factors like chaperooes in the phenotypic expression of 
genetic diseases. 
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Sir: Worldwide newborn screening for 
phenylketonuria (PKU) and early dietary 
treatment of patients with impairment of 
the enzyme phenylalanine hydroxylase has 
resulted in prevention of mental retardation 
in more than 3000 patients [3]. However, a 
small number of patients with increased 
blood phenylalanine (Phe) levels have a 
defect of the coenzyme tetrahydrobiopterin 
(BH4) which leads to hyperphenylalanina- 
emia (HPA) and neurotransmitter deficien- 
cy. They arc treated by BH4 and 
neurotransmitter supplementation [1]. Up 
to now, no patient with a defect in the 
apoenzyme was found who can simply be 
treated by supplementation of BH4. One of 
our PKU patients responsive to BH4 sup- 
plementation was found in the newborn 
screening programme with blood Phe levels 
of 96 pmol/1 (reference range 36-108 ^mo]/ 
1) and at 14 days of age of 885 \ano\ft. BH4 
loading (20 m^kg body weight) resulted in 
a decrease of blood Phe to 67 ^mol/1 8 h 
post-loading. Under normal feeding with a 
breast milk adapted formula, plasma Phe 
levels rose again to 934 \xtno\/\. With a daily 
supplementation of 10 mg/kg of BH4 
(Dr. Schircks Laboratories, Jona, 
Switzerland), blood Phe levels dropped 



again and remained between 84 and 
222 ^imol/L Surprisingly, there was no BH4 
coenzyme deficiency (normal values for 
neopterin and biopterin in urine, normal 
dihydropteridine reductase activity in red 
blood cells, and normal neurotransmitters 
and pterins in cerebrospinal fluid). Howev- 
er, mutation analysis of the phenylalanine 
hydroxylase gene revealed the two muta- 
tions IVS10G"*'A in intron 10 and E390G 
in exon 1 1 . The first one creates a zero 
activity of the enzyme, the second one is a 
missense mutation, together resulting in a 
phenotype with mild PKU [4]. The patient 
is now at 10 months of age on 10 mg BH4/ 
kg per day and developing normally. We 
speculate that there may be more mutations 
resulting in a K^-variant of the phenylala- 
nine hydroxylase enzyme in which 
enhancement of the residual activity can 
be achieved by supplementation of BH4 as 
recently also found in hyperphenylalani- 
naemic patients in Japan [2]. Our observa- 
tion strongly emphasises the necessity of the 
BH4 loading test in the newborn period and 
further DNA mutation analysis in hyper- 
phenylalaninaemic patients responsive to 
BH4 supplementation. BH4 supplementa- 
tion instead of a low Phe dietary treatment 
may be possible in at least some patients 
with PKU or mild PKU. In these cases, 
treatment compliance with coenzyme sub- 
stitution may be much better in adulthood. 
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Pulmonary endothelial dysfunction is the hallmark of acute lung injury. Impaired pulmonary endo- 
thelial nitric oxide (NO) production in this event has been described. Tetrahydrobiopterin (BH4) is an 
essential cofactor for NO synthase and modulator of Hs activity. At high local concentrations, BH4 
provokes local vasodilation in vivo in healthy individuals. At lower concentrations, BH4 selectively and 
locally restores disturbed NO-dependent vasodilation in patients with endothelial dysfunction. In this 
preliminary study, we therefore investigated the feasibility of BH4 inhalation in five healthy human 
volunteers. Inhalation of buffered, aqueous BH4-dihydrochloride solution was well tolerated; despite 
the buffer, BIH4 stability was completely preserved. Resorption of inhaled BH4 was demonsUated by 
significantly increased BH4 levels in plasma and urine. Inhaled BH4 did not alter pulmonary function 
and had no effect on systemic hemodynamic values. Our data demonstrate that inhalation is a novel 
method for local BH4 administration, offering a basic therapeutic tool for investigation of restoration 
of impaired NO-dependent vasodilation due to pulmonary endothelial dysfunction. Walter R, Blau 
Hf Schaffner A, Schneemann M, Speich R, Stocker R, Naujeck B, Schoedon 6. Inhalation of the 
nitric oxide synthase cofaetor tetrahydrobiopterin in healthy volunteers. 
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Pulmonary endothelial dysfunction is a major event in acute 
lung injury, and Impaired endothelial production of nitric ox- 
ide (NO) has been described in the early stages of vascular 
disorders (1). Recently, evidence has emerged suggesting that 
the capacity of pulmonary endothelial cells to produce endog- 
enous NO is impaired in acute lung injury (1). Constitutive 
NO synthase (cNOS) and inducible NOS (iNOS) have been 
localized within lung tissue (2-4), but the regulation of NOS 
expression in physiologic and pathologic states in the lung re- 
mains poorly understood. 

The activity of cNOS and iNOS is modulated by the cofac- 
tor tetrahydrobiopterin (BH4) (5. 6). De novo biosynthesis of 
BH4 from GTP is highly regulated (7, 8). Endogenous BH4 is 
insufHcient for full INOS activity in rat smooth muscle cells (9, 
10) and exogenous BH4 regulates iNOS expression by stabili- 
zation of its mRNA (11). Exogenous BH4 induces relaxation 
of isolated rat and canine arteries (12, 13). Reconstitution of 
endothelium-dependent vasodilation after reperfusion injury 
by BH4 has been demonstrated in a pig model (14). In man, 
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BH4 intra-arterially infused In relatively high concentrations 
has marked local vasodilating properties in healthy subjects 
but does not affect systemic blood pressure or heart rate (15). 
Moreover. BH4 intraarterially infused in a relatively low con- 
centration selectively and locally restores NO-dependent va- 
sodilation in patients with endothelial dysfunction due to hy- 
percholesterolemia» while it has no effect in healthy control 
subjects (16). These results suggest that impaired endogenous 
BH4 synthesis contributes to disturbed NO production in the 
vascular system. 

Supplementation of the impaired endogenous NO produc- 
tion by inhalational NO has been shown to be beneficial for 
treatment of patients with acute or chronic pulmonaiy dis- 
eases (17. 18). However, questions remain concerning the side 
effects as well as the practical aspects of inhalational NO, and 
strict guidelines must be followed for its safe administration 
(17). Thus, it is of interest to search for additional pharmaco- 
logical approaches aimed at restoring NO dependent vasodila- 
tion in the lung. Inhalation of the NO synthase cofactor BH4 
might be such a therapeutic modality. 

Whether BH4 could affect NO dependent lung dysfunction 
is still unknown. Therefore, the purpose of this preliminary re- 
port is to investigate whether BH4 can be administered by in- 
halation in humans, whether inhaled BH4 is locally resorbed 
and whiether inhaled BH4 exerts any adverse effect on pulmo- 
nary function or systemic hemodynamic parameters in healthy 
individuals. 
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METHODS 
Study Population 

The pilot test with BH4 dissolved in N-acetylcysteine was performed 
on one subject. Inhalation experiments with buffered BH4 were per- 
formed on four subjects. All subjects (four male, one female; age 30- 
46 yr) were in good health and had no history of lung disease. The 
study was performed according to the standards of the local ethics 
committee. Blood samples were drawn from the A. radialls and V. 
brachialis before and immediately after completing the inhalation in 
heparinized tubes (Vacutainer; Becton Dickinson. Rutherford. NJ). 
Plasma was separated and kept frozen at -2(f C. Midstream urine 
was collected in sterile tubes and immediately frozen at -20® C. 

Determination of BH4 Stability 

Three hundred mg of BH^-dihydrochloride were dissolved in 3 ml 
sterile water. The clear and colorless solution was titrated with NaHCOa 
to a pH of 3.0. 3.8, 4.5, and 5.0, respectively, and strongly stirred at 
room temperature in air atmosphere and dim light. After 30 mln, the 
maximal time needed for inhalation, the color was noted and pterins 
were quantified by HPLC. 

Administration of BH4 

For the pilot experiment (6R)-5,6,7,8-tetrahydro-L-biopterin-dihy- 
drochloride (Dr. B. Schircks Laboratories, Jona, Switzerland) was dis- 
solved in N-acetylcysteine 10% (Inpharzame, Cadempino, Switzer- 
land). N-acetylcysteine is used for galenic stabilization of BH4 tablets 
(Milupa, Friedrichsdorf. Germany) for long-term storage at room 
temperature. Inhaled N-acetylcysteine has no known effect on lung 
function per se. it has, however, a bad taste. Therefore, In all other 
experiments, 500 mg BH4 were dissolved, directly prior to inhalation 
in dim light, in 3 ml sterile water containing 150 mg NaHCOa, result- 
ing in a buffered solution with a pH of 4.5-5. For inhalation, the hand- 
activated DeVilbiss technique was used (19). The DeVilbiss 646 nebu- 
lizer was run with compressed dry medical air at a flow rate of 8 L/min. 
This technique results in an aerosol mass median diameter of 4.4 pjn 
(range 3.7-5.8 \im) and in 57% of respirable droplets (< 5 fim) (20). 
The mouthpiece of the nebulizer was placed between the teeth of the 
subject, who was directed to exhale to functional residual capacity, in- 
hale slowly over 1-2 s toward total lung capacity, and then hold his or 
her breath for 2-3 s. Throughout the inhalation, the subject activated 
the nebulizer by placing a finger over the activator valve. This proce- 
dure was repeated until all of the solution was nebulized. The subjects 
completed the inhalation within 20 to 30 mln. 

Pulmonary Function Measurements 

Spirometry, lung volumes, resistance, and diffusion capacity for CO 
were measured using the body plethysmograph Sensor Medics 66200 
Autobox* (Yorba Linda, CA), which satisfies the American Thoracic 
Society performance criteria (21). Criteria for acceptability, reproduc- 
ibility and predicted values were according to the European Commu- 
nity for Steel and Coal (22. 23). 

Hemodynamic Parameters 

The heart rate and systolic, diastolic and mean arterial blood pressure 
were measured every 2.5 min with a Colin BP-306 blood pressure 
monitor (Carbamed. Liebefeld. Switzerland). Data were collected 
from 15 min before to 15 min after the inhalation procedure. 

Pterin Measurements 

Pterins in plasma and urine were quantified with fluorimetric detec- 
tion by HPLC after acidic or differential oxidation as previously de- 
scribed (5. 24). For stability studies, BH| solution was analyzed di- 
rectly without prior oxidation to determine spontaneous oxidation In 
solution. 

RESULTS 

Pilot Experiment 

This experiment was performed on one volunteer. Since BH4 
is administered orally in a dose up to 20 mg/kg body weight 
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(25), we considere^niKfe to start inhalation with 200 mg BH4 
dissolved in 3 ml N-acetylcysteine 10%. Inmiediately after in- 
halation, venous plasma levels of BH4, detected as biopterin 
by HPLC. increased from 22.4 to 130.4 nmol/L. In a second 
step, we applied 800 mg BH4 dissolved in 5 ml N-acetylcys- 
teine 10% within the same experiment Venous plasma BH4 
accordingly increased further to 599.8 nmol/L. A similar increase 
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Figure 1i Alteration of plasma (A) and urinary (ft C) pterin con- 
centrations by inhalation of a buffered 6H4 solution. Five hundred 
mg BH4 were dissolved in 3 ml sterile water containing 150 mg 
NaHCOaJust before inhalation. Blood samples were drawn before 
and immediately after the Inhalation. Midstream urine was col- 
lected before, immediately after and 4 h after the end of Inhala- 
tion. Results of experiments, performed on four individuals, are 
presented on a logarithmic scale. 
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AFTER INHALATION OF BH4 





Pre-innalation 
(% Or preaictea) 


Post-inhalation 
{% ofpredictea) 


FVC 


111.5 (88-116) 


110.0 (85-118) 


FEV, 


100.0 (81-109) 


101.0 (76-106) 


FEV^/FVC 


94.0 (92-96) 


94.0 (91-96) 


VC 


108.0(86-114) 


108.5 (82-119) 


TLC 


103.0 (87-117) 


102,5 (80-115) 


RV 


97.5 (86-115) 


92.5 (81-108) 


Dico 


95.5 (79-116) 


94.0 (74-119) 



Definition of abbreviations: FVC = forced expiratory vital capacity; FEV, - forced expi- 
ratory volume in one second; FEV^/FVC FEV^ as a percentage of FVC: VC « vital ca- 
pacity; TLC " total lung capacity; RV » residual volunie; Olcq » diffusing capacity for 
carbon monoxide. 

Results are given as median values (range) of the percentage of predicted. 



of BH4 was observed in the arterial blood sample, where biop- 
terin concentrations increased from 72.1 to 548.9 nmol/L. Mid- 
stream urine was collected prior to experimentation, immedi- 
ately after and 4 h after the end of the second step. Urinary BH4 
excretion increased from 0.49 to 1.14 and ftirther to 8.37 nrnoV 
mol creatinine. Respiratory functions, measured as spirometiy, 
lung volumes, pulmonaiy resistance and diffusing capacity for 
CO were normal and were not altered by inhaled BH4 (data 
not shown). However, BH4 dissolved in N-acetylcysteine has 
an unpleasant odor and sour taste. Therefore, we decided to use 
buffered BH4 solution for further inhalation studies. 

Stability of Buffered BH4 

Testing of buffered BH4 for stability was done as described in 
the Methods section. Irrespective of the pH. titrated with 
NaHCOa to 3.0. 3.8, 4.5. or 5.0, respectively, more than 95% of 
the initially dissolved BH4 was detected as unoxidized BH4 by 
HPLC after vigorous stirring for 30 min in air. As the solution 
was stirred, its color changed from colorless to slight yellow 
but remained clear and odorless. 

inhalation of Buffered BH4 

The next series of experiments was performed on four further 
volunteers. Just before inhalation, BH4 solution buffered to a 
pH of 4.5-5 was freshly prepared in dim light in a total volume 
of 3 ml. This solution was color- and odorless and had a slight 
sour taste. Directiy after the inhalation period (20 to 30 min), 
biop terin levels were increased 13-160-fold in arterial as well 
as in venous plasma (Figure lA). Similar results were ob- 
served in urine, where biopterin increased 5-25 fold (Figure 

IB) . The renally excreted degradation products of BH4, pterin 
and isoxanthopterin (see Figure 3), rose accordingly (Figure 

IC) . However, differential oxidation of the urinary samples 
revealed that the percentage of BH4 from total excreted biop- 
terin remained in the physiologic range (60-80% tetrahydro 
form), indicating that a major part of circulating BH4 after in- 
halation remained in the reduced form. There were no signifi- 
cant effects of inhaled BH4 on respiratory function (Table 1), 
and buffered BH4 was well tolerated by all subjects. The sta- 
bility of buffered BH4 solution was verified by HPLC determi- 
nation of BH4 concentrations in samples taken from the nebu- 
lizer shorUy before the end of inhalation and was greater than 
95% tiiroughout 

Hemodynamic Parameters 

As shown in Figure 2A-C, the systemic hemodynamic param- 
eters were unaffected during and after inhalation of 500 mg 
BH4. None of the volunteers experienced orthostatic hypoten- 
sion during or after the experiment 
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Figure 2. Hemodynamic parameters before, during and after BH4 
inhalation. Systolic and diastolic blood pressure (>)), mean arterial 
pressure (fl) and heart rate (C) were measured every 2.5 min be- 
fore (squares), during (circles), and after (triangles) inhalation of 
500 mg BH4. Data were collected from 15 min before to 15 min 
after the Inhalation procedure. The results from four different sub- 
jects of one representative experiment are presented. SBP = sys- 
tolic blood pressure; DBP = diastolic blood pressure; MAP = mean 
arterial pressure; HR = heart rate; bpm - beats per minute. 



DISCUSSION 

This preliminary study demonstrates: (i) the feasibility of BH4 
inhalation; (^ the local resorption of BH4 hi the lung; and (3) 
the tolerability of inhaled BH4. There is no acute effect, and in 
particular no adverse effect, on pulmonary function parame- 
ters. BH4 inhalation therefore represents a novel modality of 
local BH4 administration. Our studies indicate that freshly 
prepared, sodium bicarbonate buffered, BH4 solutions are sta- 
ble for 30 min (the maximal time needed for inhalation of 500 
mg BH4) at a pH ranging from 3.0 to 5.0. Therefore, tiie pH 
chosen for the solution used for inhalation in this study is 4.5-5. 
This value is comparable to the pH of the N-acetylcysteine 10% 
solution routinely used for inhalation for many years. There- 
fore, we believe that inhalation of a solution buffered to a pH 
of 4.5-5 is likely to be safe, even for long-term applications. Fur- 
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Figure 3. Metabolic breakdown of BH4. BH4 has a halMife of approximately 7 h in serum and over 80% of 
the total amount circulates In the fully reduced form (27). If degraded. It Is either chemically cleaved to 
pterin or further enzymatically metabolized by xanthine dehydrogenase (XDH) to Isoxanthopterin in the 
liver. Both of the degradation products, pterin and Isoxanthopterin, are renally excreted and can be ana- 
lyzed in urine. 



thermore. our experience with orally administered BH4. used 
for life-long daily therapy of inborn BH4 deficiencies for over 
15 years in doses comparable to that used for inhalation, re- 
veals no adverse side-efFects or toxicity. 

The vasodilating properties of BH4 have been shown in 
vitro and in vivo (12-16). One great advantage of inhaled NO 
i n the tr eatment of pulmonary diseases is its selective pulmo- 
nary vasodilation without major influence on the systemic cir- 
culation, explained by the inactivation of NO by rapid combi- 
nation with hemoglobin in the pulmonary circulation (26). 
Our data show that systemic hemodynamics are not affected 
by inhalation of 500 mg BH4 despite elevated systemic arterial 
and venous BH4 levels. Elevated urinary excretion of pterin 
and isoxanthopterin, the breakdown products of BH4 exclu- 
sively, but not of more highly oxidized biopterins {see Figure 
3). indicate that the circulating substance was in the fully re- 
duced form. Infusion of high doses of BH4 (8-32 mg/min) in 
the brachial artery in man led to a marked local vasodilation 
in the perfused limb. Blood flow in the nonperfused limb, sys- 
temic blood pressure and heart rate remained unchanged de- 
spite elevated circulating BH4 concentrations (15). These re- 
sults suggest a requirement of high local BH4 concentrations 
for vasodilating effects of exogenous BH4 in healthy subjects. 
Most interestingly, a relatively low dose of BH4 (500 |xg/min) 
locally restored the disturbed NO-dependent vasodilation of 
patients with endothelial dysfunction due to hypercholester- 
olemia, while the same concentration of BH4 had no effect in 
control subjects (16). Thus, local administration of lower 
doses of BH4 might be a therapeutic approach for selective 
restoration of impaired endothelial NO production leading to 
vasodilation, and local administration of BH4 by inhalation 
might therefore be advantageous to intravenous BH4. Fur- 
thermore, inhaled BH4 should be distributed predominantly 
to well ventilated alveoli, thereby improving the matching of 
ventilation to perfusion, resulting in improved arterial oxygen- 
ation. 

In summary, our preliminaiy study in five healthy subjects 
shows that BH4 inhalation is a feasible modality for local ap- 
plication of this regulatory NO synthase cofactor in the lung. 
It remains to be established whether BH4 restores the im- 
paired pulmonary endothelial cell NO production in patients 
with NO dependent pulmonaiy diseases and might thereby of- 
fer an alternative therapeutic approach aimed at restoration 
of NO dependent vasodilation in the lung. 
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Sumary: In a group of 87 consecutive patients with hyperphenylalaninaemia 
bom since 1990, only 3 patients showed a (temporary) decrease of serum 
phenylalanine levels after tetrahydrobiopterin (BH4) loading in usual doses 
(20mg/kg body weight). 



Kure and colleagues (1999) reported the first identification of a tetrahydrobiopterin 
(BH4)-responsive phenylalanine hydroxylase (PAH) deficiency in four patients with 
a positive PKU screening result (phenylalanine >120/imol/L). Most recently, 
Lindner and colleagues (2001) described three patients with PAH deficiency and 
the same genotypes but different responses to standardized BH4 loading. They con- 
cluded that BH4 responsiveness in PAH deficiency is at least partly independent 
of PAH genotype. Trefz and colleagues (2001) reported a successful treatment with 
BH4 (lOmg/kg body weight) in one patient with mild PKU and concluded that 
BH4 supplementation instead of a phenyl alanine-restricted diet might be possible 
in at least some patients with classical or mild PKU. The prevalence of BH4 respon- 
siveness in PAH deficiency is still unclear. We therefore retrospectively evaluated 
results of the BH4 loading test in the newborn period of our 87 patients bom between 
1990 and 2001. 

The loading test was routinely performed in all patients with a positive newborn 
screening (phenylalanine >120//mol/L) with 20mg/kg body weight BH4 (Dr 
Schircks Laboratories, Jona, Switzerland), continuing a normal protein diet. Serum 
phenylalanine levels were measured by HPLC before and 4h and 8h after BH4 
intake. A BH4 coenzyme deficiency was excluded in all patients (normal values 
for neopterin and biopterin in urine, normal dihydropterin reductase activity in 
red blood cells, measured. by N. Blau, Zurich, Switzeriand). A 50% decrease of 
the serum phenylalanine level after BH4 intake was defined as a significant decrease 
as in all reported BH4-responsive patients after BH4 supplementation. Pre-loading 
serum phenylalanine (Phe) levels were within a wide range (132-3036/imol/L). 
Three of the 87 patients (3.5%) showed a significant decrease of serum phenylalanine 
concentrations 8h after BH4 intake (84 patients, 96.5% did not). Theses three 
patients will be described in more detail. 
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Short Report 



Patient 1: A boy, born 1 1 /99, normal pregnancy and birth. Phe levels: 678 /imoI/L in 
the screening test; 864 /imol/L before, 684 ;imol/L 4 h and 252 /imol/L 8 h after BH4 
loading. On free nutrition supplemented with lOmg/kg body weight BH4 per day 
Phe levels increased within 6 weeks to 972/imol/L. BH4 treatment was stopped 
and a Phe-restricted diet was started. Genotype: IVS3-22G>A/Y414C. 

Patient 2: A boy, bom 1 1 /OO, normal pregnancy and birth. Phe levels: 360 /imol/L in 
the screening test; 396/imol/L before, 192 ;imol/L 4h, and 90 /imol/L 8 h after BH4 
loadmg. On free nutrition (without BH4 Phe levels increased to 642 /imol/L. On free 
nutrition supplemented with lOmg/kg body weight BH4 per day Phe levels were 
stable between 540 and 660 /imol/L. BH4 treatment was stopped and a protein- 
restricted diet was started. DNA for genotyping not available. 

Patient 3: A girl, born 1 2/00, normal pregnancy and birth. Phe levels: 978 /imol/L in 
the screening test; 1032 /imol/L before, 702 /imol/L 4h and 432 /imol/L 8h after 
BH4 loading. On free nutrition supplemented with lOmg/kg body weight BH4 
per day Phe levels persisted around 600 /imol/L. Continuing BH4 treatment, the 
initiation of a protein-restricted diet (450 mg Phe/day) was neccessary to achieve 
satisfactory metabolic control. Under this treatment Phe levels were measured in 
a range of 300-420 /imol/L. A protein-restricted diet without BH4 will be tested 
Genotype: Y414C/A104D. 

Recently,'an alternative treatment of at least a subgroup of patients with a PAH 
deficiency with BH4 supplementation has been discussed (Kure et al 1999; Trefz 
et al 2001; Lindner et al 2001). In our group of 87 consecutive patients born since 
1990, only 3 patients showed a significant decrease of Phe levels after BH4 loading. 
In none of the patients did BH4 treatment prove to be an effective therapy. 

In conclusion, BH4 supplementation in usual doses might be an alternative treat- 
ment in rare cases of PAH deficiency. However, even a positive BH4 loading test 
in the newborn period does not suggest BH4 -responsive phenylketonuria in the long 
term. It is still unclear "why phenylalanine levels were rising in our initial 
BH4-responsive patients in spite of ongoing BH4 treatment. 

We thank the SHS Company Heilbronn, Germany, for generous support. 
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